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FOREWORD 

This manual is intended as a guide in learning how to program the 
upper 3000 computer systems. It includes a hardware concept of 
the systems, the use of the COMPASS programming language, and 
the use of the SCOPE monitor. Step-by- step example problems, with 
and without given solutions, are included to develop the capability of 
using the language. 

This manual is a major revision to and a replacement for the 3600 
Computer System COMPASS Programming Guide and retains the 
same publication number. It is now expanded to three volumes. 



Volume I 



This volume consists of three sections. The 
first section deals with the introduction to the 
systems. The second section deals with the 
central processor. The third section deals with 
problem- oriented exercises in which random 
instructions are picked to solve problems. 



Volume II 



This volume consists of one section. The 
instruction repertoire is divided into groups. 
Groups 1-18 are hardware instruction groups, 
and groups 19-25 are pseudo instruction groups. 
Each group is followed by explanations of new 
concepts and problems designed to use instruc- 

LiUUO J.J. Ulll (,11V*- gl WU.£*r. 
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Volume II 

This volume consists of two sections. The 
first section deals with the SCOPE system. It 
shows how to run jobs under the system and 
explains new concepts such as overlay process- 
ing and library preparation. The second section 
contains several computer output listings obtain- 
ed as a result of running the example problems 
under SCOPE. 

REFERENCES 

3400 SCOPE /COMPASS Reference Manual Pub. No. 60057800 

3400/3600/3800 Instant TAPE SCOPE Pub. No. 60059000 

3600 Computer System Reference Manual Pub. No. 6002 1300 

3600 COMPASS Reference Manual Pub. No. 60052500 

3600 Instant COMPASS Pub. No. 60056500 

SCOPE Reference Manual Pub. No. 60053300 

3000 Series Peripheral Equipment Reference Manual Pub. No. 60108800 
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GROUP 1 
FULL WORD TRANSMISSION 



1. 


Load A 


LDA 


2. 


Load Q 


LDQ 


3. 
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Store A 


STA 
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Store Q 
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This group of instructions transmits one or more 48-bit words from one location to 
another. 

The first two instructions transmit a word from a storage address to a register. They 
are called LOAD instructions. One storage cycle is required for each. 

The second two instructions do the same thing; however, the complement of the mem- 
ory word is transmitted from a storage address to a register. These are called LOAD 
COMPLEMENT instructions. Again, one storage cycle is required for each. 

The next two instructions, called the STORE instructions, transmit words from a reg- 
ister to a storage address. One storage cycle is required for each instruction. 

The last instruction is a memory-to- memory transfer. One or more words may be 
transferred. 

Normally, only the destination, not the source, is affected by the transmission. 
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The LOAD A Instruction 

The LOAD A instruction is an instruction that transmits a 48-bit operand from an 18-bit 
storage address to the A register. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial con- 
tents of the A register are replaced by the transmitted operand. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is transmitted 
to the A register; i.e. , the operand is read from memory, complemented, and then 
transferred to the A register. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand is 
transmitted to the A register; i.e. , the operand is read from memory, tested to obtain 
its absolute value, and then transferred to the A register. 
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Function code ' 

Optional, transmit 
complement of 
operand 

Optional, transmit - 
magnitude of 
operand 
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Optional, second index designator. 
Zero or blank, use no index 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

■Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



' d bit not programmable 
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resides. 



SOLUTION: 



LOCN 



i i i i i i i 
' z i ' > ♦ " i 6 1' i » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



J I I I I L 



_l I I I I L_ 



L M i \£*i)MimMiE. 

i i 

0|H I 12 I '3 I 14 |H|'M'7|lS|l3|;0|7 l | ;;.|; 3 |;4|g3|g6 ! 77|;e l 79|ID|3l | 37 | i 3 | I4j 35 [ 3C | i 7 | 38 I i 9 | 40j 4. | 42 | 43| 44 | 43 | 4« | 47 | 4» i 49|»Q - 



1-5 



The LOAD Q Instruction 

The LOAD Q instruction is an instruction that transmits a 48-bit operand from an 18- 
bit storage address to the Q register. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial con- 
tents of the Q register are replaced by the transmitted operand. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B b ) + (V v ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is transmitted to 
the Q register; i.e. , the operand is read from memory, complemented, and then 
transferred to the Q register. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand is 
transmitted to the Q register; i.e. , the operand is read from memory, tested to obtain 
its absolute value, and then transferred to the Q register. 
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Function code 



J 



Optional, transmit 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 



■Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank. 
Register to Operand Bank Register. 



' d bit not programmable 
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No 



No 



Use Lower 
Instruction At 
■H (P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) +1 As Next 
Instruction 



(M) -«Q 



» (M) - Q 





D 

E 

S 

c 

R 
I 

P 
T 

I 
O 

N 



LDQ 1) (M) -~Q 

2) Contents of M remain unchanged 

LDQ, CM 1) (M) -Q 

2) Contents of M remain unchanged 

LDQ, MG 1) |(M)| -Q 

2) Contents of M remain unchanged 
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LDQ 



E 
X 
A 
M 
P 
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E 
S 



PROBLEM: 



Load Q from address CONST +5. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 


11:1 




l~\D&\ i i i i i i iCi0i'Vi5|Ti + i5"i i i i i i i i i i i i i 


I |2 I 3 HIS |« IT |t 


9 


i 

10 | l l2|'3|i4|l5|l«|l7|l«[t4|20|2l|ZZ|2S|24|2S|26|27|28j29|30J3< 


1 
|32|33|34|35|36|37|3B|39|40|4i |42|43l44|4S|46|47|4e|49]50| 



PROBLEM: 



Load Q from address CONST modified by Index Registers 2 and 3. 



SOLUTION: 



LOCN 



i i i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



*- i p ig 



■ Ci/i/y.5 l 7-, J ,2, j .,.7i 



J L_l L_J I I I J I I I I i I i 



I""""" 1 " 



I 

|l2|l5|l4|l5|lt|l7|ia|l9|2O|2l|22|23|24|23|2<|27|2a|29|3O|3l|32|33|34|35|36|37|3g|39|4O|4i|42|43|44|45|46|*7|4B|49|i0 



PROBLEM: 



Load Q with the absolute value from address ROOT. 



SOLUTION: 



LOCN 



J L_l I l_ 



|2|3|4|S|6|7|e 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



£i£>i<3i ; i#igj i i i \Rrf\9\T\ 



ii i ' i 'I 'i ' ' 



i i i i i 



'0 I" I" l "l'« I" l'«l"|"l"|g«l"l»l»l»«|g»|g«|g7mH»l»0Hi H2H»|l<|»»|»6|17m|3»|«0|<i |42|«3|44|«>|< t H7|«t|«»|iQi 



PROBLEM: 



Load Q from address CONSTOR from the bank in which CONSTOR 
resides. 



SOLUTION: 



LOCN 



j i i i i i 



" ' "* " " " <• 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



Lm 



i"f ii 



,(,»,) iC,g<i/V,5,T;iU 



J_J 1_1 LJ I I I I I 



I I I I I I I I 



' l"l | 2| | 3|'4MSpg|l7|lB|l9|2O]2l|22|23|24|25|26|27|2B|29|3O|3l|3?|33|34|33|36|37|3fl|39|4O|4'|42|41|44|4i|46|47|4g|49|5O| 
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The LOAD A COMPLEMENT Instruction 

The LOAD A COMPLEMENT instruction is an instruction that transmits the comple- 
ment of a 48-bit operand from an 18-bit storage address to the A register. One 
memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial con- 
tents of the A register are replaced by the transmitted operand. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the complement of the 
operand is transmitted to the A register. Effectively it would be a LOAD A instruction. 

If MG is specified by the programmer, the negative value of the operand is transmitted 
to the A register; i.e. , the operand is read from memory, tested to obtain its absolute 
value, complemented, and then transferred to the A register. 

The CM and MG modifiers are seldom used for this instruction. 
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LOAD A COMPLEMENT 



LAC 



MACHINE 



May be an 
upper or 
lower "S 

instruction 



47 



23 



1 ( 

Li 3 ' b ■ ' ' m ' 
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o _ 
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v. 
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,m. 
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AUGMENTED 




COMPASS 



LOCN 



i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LAiCt. \C\M\ : \!%&\ i( ia-i_)i-mij[^i 7 \V\ 
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Function code 



Optional, transmit - 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



>d bit not programmable 



LAC 



LOAD A COMPLEMENT FORMAT: LAC,CM,MG (a)m,b,v M=m + (B ) + (V) 



F 
L 
O 

w 
c 

H 
A 
R 

T 




CM \ No 

Specified? 



Yes 




Yes 



Was . 

Instruction ) > 
Lower ? 



MG 
Specified 



No 



Yes 



(M) - A 
* 



(M) > 0? 



Yes 



No 




(M) -A 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



<P 



Use Upper 
Instruction At 
(P) + 1 as Next 
Instruction 




D 

E 

S 

c 

R 
I 

P 
T 
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O 
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LAC 1) (M) -A 

2) Contents of M remain unchanged 

LAC, CM 1) (M5 -A 

2) Contents of M remain unchanged 

LAC, MG 1) Neg. (M) —A 

2) Contents of M remain unchanged 
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LAC 
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PROBLEM: 



Load A with the complement of the operand at address BILKO. 



SOLUTION: 



LOCN 



j i i i i 



l» H l« l» l« l> l« 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LJuC 







B,1,L,K,4, 



i i i i i i i i i i i i i i i i i i i i i i i i 

'° I " I 12 I " I l, l l »l'«l IT l" I" l»l"|a»mH4|M|; J n7|; 1 |itno|i M Mmii.n !i n < n T|M |3, |<0|< , ,„!.„„,„„,!„!„,„,, 



|39|40|4i |4Z|4 3 |44|45|4ll|47|41|4»p0 | 



PROBLEM: 



Load A with the complement of the operand at address BILKO 
modified by Index Register 4. 



SOLUTION: 



LOCN 



i i i i i i 



>* i "• i' i' " " 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



^-i^iC i i i i i i SJiL\K0\.i¥\ i i 



i ' ' ' ' ' ' ' ' i i i i i 



I°I M |"|'1|'«|'S["I"I" |U|2O|g'|i;|i3|Z4|gi|i« |g7|;. | ;»|3l)|JI|H|»H<|W|M|J7|»im|40 l 4i | 4i | 4 J | 44 | 4 5 | 4 , | ., |4 6 | 41 | 50 , 



PROBLEM: 



Load A with the complement of an operand at an address specified in 
Index Register 5. 



SOLUTION: 



LOCN 



l» I M« l» l« IT I. 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



IA& 



1 <r 

i) Pi 



I I I i i i i .- i j i i i i i i i i i i i i 



I I l l I I i i i i i 



10 I M | " | "|'«|'»|'«|l7|'l|l»|a0|»i|ii|»|;4|8»| 8 «H 7 |gl|». l 3OHI|M|»iH4Ha l M|3r|H|S»|4Q | 4, |4g]43|44[45|4e|47|4.|49|5 



PROBLEM: 



Load A with the complement of an operand at address BAKER 
modified by Index Registers 1 and 2. 



SOLUTION: 



LOCN 



iiii 



i ' i 3 1 • i= i « i ' i ■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LAC 



iii 



BAMiSi^ih^ 



i i i i i i i i i i i i i i i i i i i i i i 



i i 

°l" I" I'M 1 * I 15 I '« I "I H| '9 |Z0|ZM'Z|gIH4|gJ|Zt |77|;«|;»|]O|ii|i2Han4H5|36|37|3a|3» 1 4O|4 |4 8 | 4>| 44 | 4» | 4« | 47 | 41 j 4 9 , 50 , 



The LOAD Q COMPLEMENT Instruction 

The LOAD Q COMPLEMENT instruction is an instruction that transmits the complement 
of a 48-bit operand from an 18 -bit storage address to the Q register. One memory 
reference is made. 

The operation leaves the contents of the storage address unchanged. The initial con- 
tents of the Q register are replaced by the transmitted operand. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the complement of the 
operand is transmitted to the Q register. Effectively it would be a LOAD Q instruction. 

If MG is specified by the programmer, the negative value of the operand is transmitted 
to the Q register; i.e. , the operand is read from memory, tested to obtain its absolute 
value, complemented, and then transferred to the Q register. 

The CM and MG modifiers are seldom used for this instruction. 
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LOAD Q COMPLRMENT 



LQC 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



J L 



m 



J L 



"i — r 



"i — r 



J l__l I L 



-< 



47 



-\ — r 



i — r 



i i i L 



i — r 
j L 



23 

— I — I — I 

1 i 7 ,b i i 



NORMAL 



47 



1,1,1 



26 



Li 7 



J L 



v ii a nE hmJkiiS 



, TT — r 
1 ■ 7 - b ■ 



_ L m J _ 



AUGMENTED 



COMPASS 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




i i 
LiQC\jiCiMiy\MiG'i i(i*i}iuiijiiijiVi i i i i i ! i i i i i i i i i i i i i i i i i 


' != ] > | « I' 1 6 | 7 | B 
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I 

IO|H(I2|I3|H|I5|I6|I7|I8|I9|20]2I|22|23|24|25|26|27|28|29|30J3I 


i 

]32|33]34|35|36|37|3eiJ9|40|4i|42!41|44[«3 


46|4T|48|43|30| 



Function code 



J 



Optional, transmit - 
complement of 
operand 

Optional, transmit - 
magnitude of 
operand 



^ J W J 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

■Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register 



d bit not programmable 
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LQC 



F 
L 
O 
W 

c 

H 
A 
R 
T 



LOAD Q COMPLEMENT FORMAT: LQC,CM,MG (a)m,b,v M = m + (B b ) + (V v ) 




CM \ No 

Specified ? 



Yes 



O^ 



Was 

Instruction 
Lower ? 



Yes 



No 



MG \ No 

Specified?/ 



Yes 



(M) > 0? 



No 






Use Lower 
Instruction At 
(P) As Next 
Instruction 



M (M) - Q 
tf 



<? 



Yes 



Use Upper 
Instruction At 
(P) + l As Next 
Instruction 



* (M) -*Q 




D 
E 

S 

c 

R 

I 

P 
T 
I 

O 
N 



LQC 1) (M) -+Q 

2) Contents of M remain unchanged 

LQC, CM i) (M) -*Q 

2) Contents of M remain unchanged 

LQC, MG 1) Neg. (M) -Q 

2) Contents of M remain unchanged 
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LQC 



PROBLEM: 



Load Q with the complement of the operand at an address specified 
by Index Register 4. 



SOLUTION: 



LOCN 



i ' i ' i ' ' 



|2|3|4|3}«|7|« 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



^ |C - Il l ^ l I I I I I I I I I I I I I I I I I I I I | 

1 I 

° l " l " l " l 'M'» l "l"l"l"l"l"l»l»l»|i.|Mi»i,.i„n. l „| M |„|»,„| J . |1T|M |„ | .„, 4l|ti| „ |4<| „ |41|4t|M|t|)|a|)| 



PROBLEM: 



Load Q with the complement of an operand at address HOMER, but 
indirectly. 



SOLUTION: 



LOCN 



.1 i i i i i i 



|2|3|4|S|«|T|« 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



L'&C //■/■//,£, ft, .7 



i i i i i i i i i i i i i i iii 

i i 



PROBLEM: 



Load Q with the complement of an operand at address SNODGRASS 
from the bank in which the LQC resides. 



SOLUTION: 



LOCN 



i ' ' ' i ' ' 



I' I »l« l» l» l> II 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



■' g ' g ' ' ' Ci*i)i.giM^Pi<S-i/gi/9,g | S 



i i i i i i i i i i i 



i i i ' i ' 



"' l " l " l " l l< l "l"|" | " | '» | »|"|i»|»»|»|»|M|»T| g .|»|,O|„| M |»|„| M | J< |, 7 |,.,„| 40 , 4 , |4 „ 4a|44 | 4 , |4 . , 47 , 4 . , 4 , |a 



PROBLEM: 



Load Q with the complement of an operand at address SNODGRASS 
3. 



SOLUTION: 



LOCN 







i ' i ' i ' <» i« i ' i « 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



L&c 



S t NiAD6,R,A,S,S,-,3, 



l"f"-' I I I I I I l^i/YltCi^idri/Xi/li^^i-i-J, | | 



I I 1 I I I 1 I I I 



I I 

10 | ii | l' | " | '4 | l3 | '«|lf|IB|H| Z | ;i|;;| ; 3| ;4 |»|, tu , | „ |29|10|1 , | 32 | 33 | 34| 33 |3« |3 T | 3» | 3« | 40| 41 | 42 ] 43 | 44 | 4 i | 4€ | 47 | 41 | 4, | 50 | 



The STORE A Instruction 

The STORE A instruction is an instruction that transmits a 48-bit operand from the A 
register to an 18-bit storage address. One memory reference is made. 

The operation leaves the contents of the A register unchanged unless the modifier CL 
is specified (sec below). The contents of A replace the contents of the storage address. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the contents of A is trans- 
mitted to the storage address. 

If MG is specified by the programmer, the magnitude (absolute value) of the contents 
of A is transmitted to the storage address. 

If CL is specified by the programmer, the contents of A are cleared after the operand 
has been transmitted to the storage address. 
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STORE A 



STA 



MACHINE 



May be an 
upper or 
lower "(, 

instruction 



47 



23 
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1 1 1 1 1 1 1 
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47 t 23 
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II 1 V 1 1 |7|6|SH|3|2|I|0 
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o ^ 



NORMAL 



AUGMENTED 



COMPASS 



LOCN 



i i i 



i'i»i«i'i«i'i« 




OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SiTi^ijiCiM^iCiLij iMfi-i i (i »-i ) Qui jii?ij iVi 



i i i 
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Function code- 



Optional, transmit- 
complement of 
operand 



Optional, clear 
(A) after 
transmission 
of operand 



Optional, transmit 
magnitude of 
operand 



Sr'W^ 



L 



Optional, second index designator 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number of 
Operand Bank Register. 

$, transmits bank number in 
which base address resides to 
Operand Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank 
Register. 



t 



d bit not programmable 



STA 



FORMAT: STA, CM, CL, MG (a) m. b. v > 





STA 





CT A 


^-IVi. 


D 
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S 


STA, 


MG 


c 






R 






I 
P 


STA, 


CL 


T 






I 






O 






N 







Use Upper 
Instruction At 
(P>+1 As Next 

Instruction 



1) (A)-*M 

2) Contents of A remain unchanged 

1 \ / A \ _^ n/r 

i. I \Ci-l '— 1V1 

2) Contents of A remain unchanged 

1) |(A)| -M 

2) Contents of A remain unchanged 

1) (A)-M 

2) Contents of A are cleared after transmission 
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PROBLEM: 



Store A at five memory locations forward. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i i 
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PROBLEM: 



Store A at address COUNTER and then clear A. 



SOLUTION: 



10CN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i i 



sx^.^u , i i JCjto.TiF,;? 



ii^i i i i i i i 
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PROBLEM: 



Store the absolute value of A at an address specified in Index 
Register 1. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i 
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PROBLEM: 



Store A indirectly at SAVE. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 




COMMENTS 
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The STORE Q Instruction 

The STORE Q instruction is an instruction that transmits a 48-bit operand from the Q 
register to an 18-bit storage address. One memory reference is made. 

The operation leaves the contents of the Q register unchanged unless the modifier CL is 
specified (see below). The contents of Q replace the contents of the storage address. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the contents of Q is 
transmitted to the storage address. 

If MG is specified by the programmer, the magnitude (absolute value) of the contents of 
Q is transmitted to the storage address. 

If CL is specified by the programmer, the contents of Q are cleared after the operand 
has been transmitted to the storage address. 



1-22 



F 
O 
R 

M 
A 
T 



STORE Q 



STQ 



MACHINE 



May be an 
upper or 
lower 
instruction 
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7.7.1 v d a i ll , 1 



^sf 



i — r 



j L 



imi 



NORMAL 



,m , 



COMPASS 




AUGMENTED 



LOCN 



J I I I I L_ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S Ti<3i J iCifli J i£i/.i ,\N\&\ \( \*-\) i»i,iAi« i^i 



i i i i 



j i iii 



i i 

' I " I" I" I 1 * l"l'»l"l" ^lliiiiUlilliiiilliilillZiiliillHil; l"l»H«[»l'«l" l» I »l«°l«' I «i l»l|<« l»i|«6| «n««l »»l»°l 



n code 1 



Functio 



Optional, transmit 
complement of 
operand. 



Optional, clear - 
(Q) after 
transmission 



of operand. 

Optional, transmit 
magnitude of 
operand. 



vv 

L 



Optional, second index designator 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

Optional, bank term. 

0-7, transmits number to 
Operand Bank Register. 

$, transmits bank number in 
which base address resides to 
Operand Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank 
Register. 



d bit not programmable 
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STQ 



FORMAT: STQ, CM, CL, MG (a)m,b, > 



F 

L 
O 
W 

c 

H 

A 
R 
T 




Use Upper 

Instruction at 
(P) + 1 as Next " 
Instruction 



STQ 1) (Q) -M 

2) Contents of Q remain unchanged 

STQ, CM 1) (Q) -*M 

2) Contents of Q remain unchanged 

STQ, MG 1) |(Q)| -*M 

2) Contents of Q remain unchanged 

STQ, CL 1) (Q) -M 

2) Contents of Q are cleared after transmission 



D 

E 
S 
C 
R 
I 

P 
T 
I 

O 
N 
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E 
X 
A 
M 
P 
L 
E 
S 



I STQ 



PROBLEM: 



Store Q at adHress SMOKEY modified by Index Registers 2 and 3. 



SOLUTION: 



LOCN 



i i i 



|2|3|4|»|.|7|« 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Sf77<?i 



i i i i i i i 



s.rt.^/r.F.r.j.a,.,?, , , 



i 'i ' ' i i 



i i i 



i i 

10 |" l " l " | l « | "|'«|'f|H|l»|«0|II|HH»|24H»|ll|,T|i.H .HOH,| M H > ,3«H»m l »r|HHl|.,Hi|«;m|„|„| < ., tT|< , |tt „ O | 



PROBLEM: 



Store the complement of Q at address BEAR. 



SOLUTION: 



LOCN 



Mill 



I 2 l I Li '» l« I' I ' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



ST.Qj.fl/y. i i i ,g,e,jf,*, 



i i i i i i i i i i i i i. i i i i i i i 



— I " l " | " | l4 l "l" l lf l" I "I "I" I »2 I »»H«I«»IMH T|M|».HQHI|M|3»|1«|3»U« |37 IMIltl.0l4.l4imi44Hai4SI4THII4.H0 



PROBLEM: 



Store Q at one memory location forward of the address specified 
in Index Register 3. 



SOLUTION: 



LOCN 



i i i i 



'' ' ] i' " i« " i « 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



^ l ^ff l I I I I I I ll|4,|3| II , I I I I I 



I I I I I I I I I I 



l °l" l " l "l"l" l "l"|" l '»l'O|"l"l'»l'4|; 5 |»«|77|;.|;,|, 0|3.|37|33|I4|3 5 H«|17 l 3.|3.| < 0|. l HiH3H.H3|44|4,|4.|..|i Ol 



PROBLEM: 



Store Q at an address which is five memory locations backward 
from an address specified in Index Register 1 . 



SOLUTION: 



LOCN 







' l» H 14 |3 |« |7 ,. 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



5 F \ <$\ i i i i i i i~i5"j,ii i i i i i 



j i i i i 



i i i i i 



10 | H | 'g | i3 | i4 | it|i«|l7|i.|H| a o| 8 i|;,|,3 | , 4 n, |t . | „ | „ | „, 10 , 1 | [M| „ | „ |M|M|1T|M|lt|<0|4||<;|tl|<4|ta|<t|4>|<i|ti|!io| 
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The TRANSMIT Instruction 

The TRANSMIT instruction transmits a word or a group of words from one area of 
memory to another area of memory. The operation leaves the contents of the source 
area unchanged. 

If CM is specified by the programmer, the complement of the source is transmitted to 
the destination address. 

If MK is specified by the programmer, the source is masked with the contents of Q 
before being transmitted to the destination address. 

If PC is specified by the programmer, the source is incremented by the contents of A 
in fixed point format before being transmitted to the destination address. 

If AUG is not specified by the programmer, only one word is transmitted. The source 
address is (a) m and the destination address is (i) n. The index registers are not 
significant. 

If AUG is specified by the programmer, five index registers must be set up before 
executing this instruction. 

(B ) = number of words to transmit 

(B 2 ) = source address modifier (normally zero to start) 
(B 3 ) = incrementer for B (normally 1 for sequential words) 
(B 4 ) = destination address modifier (normally zero to start) 
(B 5 ) = incrementer for B (normally 1 for sequential words) 
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TRANSMIT 



XMIT 



F 
O 
R 

M 
A 
T 



MACHINE 








i i i i i 



OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



X\MJJ i;i iC\Mi } \A\U\&\ \(\»-\) I*., \(\U) ul 



i i i i i i i i i i 



JUL 



i i i i i i i i i i i 



J_i_L_LJ_L_ 



1 I I I lZi£l I I I I I I I I I I I I I i I 



J 1 - 1 1 i I 



I I I I I 



I I I I I i 



1 I I I I I I I I i 



Function code 

Optional modifier - 

CM, Transmit 
Compliment 

MK, mask with Q 

PC, Add to constant in A 

Blank, Transmit normally 

Optional modifier 



Transmit according to B1-B5 
Blank, transmit one word 



1 — Destination address. 

— Bank of destination address. 

0-7, actual bank number. 

$, bank in which destination 
address resides. 

*, bank in which XMIT resides. 



Source address. 

■Bank of source address. 

0-7, actual bank number. 

$, bank in which source address 
resides. 

*, bank in which XMIT resides. 
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XMIT 



FORMAT: XMIT, CM, ALT; 



F 
L 
O 

W 

c 

H 
A 
R 

T 




D 
E 

S 

c 

R 

I 

P 

T 

I 

O 

N 



XMIT 

XMIT, CM 

XMIT, MK 

XMIT, PC 

XMIT, AUG 



Transmit one word 

Transmit complement of one word 

Transmit one word with contents of Q as mask 

Transmit one word with value in A as constant 

Transmit block of words according to Bl - B5 
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XMIT 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Transmit an operand from Bank 2 address HOKEY to Bank 3 
address POKEY. 



SOLUTION: 



LOCN 



i i i i i i i 



l» I a !4 |» |» i ? i ■ 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



XiHitti (J,)>lh4K,e l Y l j,(3,),PJ,k£,Y, 



I I I I I I I I I I I 1 I I 



I I 

'° ''' J '' , l"'"' i n"l'»l»°|gl|ZgH3H«H5ia tl »7|?l|a»UO|3l|3am l 3«|15H«|37|MH9|4l)|4i|<Z| < I|«4|.> l 4 t |47| << |«»UO| 



PROBLEM: Given: (Q) = +77B 

Extract the lowest six bits from Bank 5 address MURTLE and place 
the result in Bank 6 address TURTLE. 



SOLUTION: 



LOCN 



i i i i i i 



I'l'H "■ 



OPERATIOH.MODIFIERS ADDRESS FIELD 



COMMENTS 



XMLTyiEK, i i ^SAJfM&TtL&yf^TMKTiLE, 



i i i i i i i 



i i 

10 | ll |lg| H|l4|l5|l6|ir|l«|H|;0|;i|2I|tl|t4|»|I«|;7m l a»H0|3l|MHJU4|M|M|ar|M|J»|40|4. |4;|4j|44|4S|4S|47|48l4»H0| 



PROBLEM: Given: (B 1 ) = 100, (B 2 ) = 0, (B 3 ) = 1, (B 4 ) = 0, (B 5 ) = 1 

Transmit the 100 words from Bank 1 address BLOCK to Bank 1 
address TABLE. 



SOLUTION: 



LOCN 



i i i i i i 



'imni'i'i'it 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



XiMiZtTt. iA,UA i >(,l!),BL^ t C,K,^ ( : l,')J7M^,L,£', , 



i i i i i 

i 



IP | ll |i;|D|l< | 15 |l4|l 7|l«|l9|ao|;i|77|;na4|»|g«|?7|Z4|a»HO|3l|»U3|34H3|«|37H8|J9|40|4. | 4g | 4j| 44 | 45 | 46 | 47 | 44 | 49| 5Q, 



PROBLEM: Given: (B 1 ) = 10, (B 2 ) = CARD, (B 3 ) = 1, (B 4 ) = ZILCH, (B 5 ) = 1 

Transmit the 10 words starting at CARD to the 10 locations starting 
with ZILCH. Both are in Bank 3. 



SOLUTION: 



LOCN 



i i i i i i i 



''"""""" 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



XMJ^iAAJ^ i \(,3 t ), t ,( ,3,), 



i i i i i i i i i i i i i i i i i i i i i i i i 

i 

IP |" | 'g | 1 3 | 14 | 15 |l4jl7|H |l9|g0|2l|ZaH3|Z4|g» | g€|77|g«|a»|3O|3l J 37 [33 1 34| 35 | 34 |3 7 j 36 | 391 4P| 4i | 47 1 43|44 | 43 | 46 | 47 | 46 | 49 |3Q| 
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NEW CONCEPTS OF GROUP 1 

The first group contains relatively few new concepts. 48 -bit words are transmitted 
from a source to a destination. The source always remains as it was except on the 
STA and STQ instructions when CL is specified as a modifier. In this case the regis- 
ter is cleared after the transmission takes place. 

Operands can be complemented as they are transferred. The l's complement format 
is used. This algebraically changes the sign of the operand. 

The magnitude (absolute value) can also be transferred. In this case a check is made 
on the sign of the operand. If it is negative, it is complemented during transmission. 
If it is positive, it is a normal transmission. In either case the positive form is trans- 
ferred. 
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Problem 1; 

A 10, 000 word table in memory starting at address TAB contains operands both positive 
and negative. Replace every positive operand with zero and every negative operand 
with its absolute value. 



Flowchart 




Problem 1 could be solved by coding in the following manner: 



LOCATION 



OTRATI0N,M00IFIERS 



ADDRESS FIELD 



COMMENTS 



TM.,hJt , 



±££sI_l 



?> i n i jo i i 1 1 a: e i n j i 



£JdIAA... 



m&r^. 



t£,S 7" , , , 



BS.S 



'lL 



!.l[.1:i.|.imi .»l«i.l |IO|ll 



[Li«_LK±aiiiiJ:.. 



£4/4. 



nk&JL 



ejH_ 



ld A 



\T A£. y \. 



L_i. 



t tft .tK 



h&/u,s 



MS-Mjyk£L. 



PLyjL 



STgL 



&&/osl 



Mcg^ 






.listed.... 



1 .J 



L_.t — L — L... J — i — ^ 



j$2,^, 



514i„ 



MSfTT : 



_*_]_:_;_ 



5,LJ 



j2l£Zl 



&&_,.. 



Somewhere within this subprogram would also be included the symbol TAB in the 
location field with a declaration of the prestored data or area reserved. 
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Student Problem 1A: 

Using the XMIT instruction, transmit 10 words starting at address CARD to an area 
starting at address CARD1. As each word is transferred, extract the lower 9 bits 
(zero out the upper 39 bits) of each word. 

Flowchart: 



Problem 1A could be solved by coding in the following manner: 



LOCATION 


K-MTUKMONFIERS ADDRESS FIELD 




COMMENTS 




— — — - 


i 


1 






i i _.. . . 


i i i i. 1 ..I L... . 


_j _,_ , | | | | , ij_j_ ., , ] 


! 1 1 1 ! ! 1 


> : . 1 | , | , | | j 1 . | | 1 I ■ , ■ ■ I 


—-...-J i ; i_...i_i 


| .,,,.... , J 


< > 


. _J____J ...__. .1.. ... L 1 , i 1 ; 1 , , i . , , ,.. ... , . 








....1 i 1 i i I 1 


, . : . | . 








I . : I . 


-'J-' ' L-' '■' ■■ L 'J i L..__l |__J_______ _ . i 1 _ U1_ L ,., 


-;— L_L_|,_l_L_l__ 










i 1 i 1 . . 


i i ! , : , , , | 


, : i i , i i 


| 








, , 


_i ■ ' i_J ; _. L ! 




j ,.,,,,, f | ■ . : , . 








i ; : . 






,J.. i .lJJ..XX^±.L_i^_LJ_lj^.i_LX^.,I_l^.^,l_i^.x±I^J...l_i_LJ^^J__LJ l__ ' __________L _L ______ _l_ ■ 
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GROUP 2 
ADDRESS TRANSMISSION 



GROUP 2 
ADDRESS TRANSMISSION 

1. Load Index Upper LIU 

2. Load Index Lower LIL 

3. Store Index Upper SIU 

4. Store Index Lower SIL 

5. Substitute Address Upper SAU 

6. Substitute Addrefd Lower SAL 

7. Enter Index ENI 

8. Enter A ENA 

9. Enter Q ENQ 

This group of instructions transmits 15-bit quantities that may be either addresses or 
operands. 

The first two instructions transmit a portion of a memory word to an index register, 
requiring one storage cycle. 

The second two instructions transmit the contents of an index register to a portion of a 
memory word at a storage address, leaving the rest of the memory word untouched. 
One storage cycle is required. 

The next two instructions transmit the lower address portion of A to a portion of a 
memory word, leaving the rest of the memory word untouched. Again, one storage 
cycle is required. 

The ENTER instructions transmit a 15-bit quantity to a register. No storage cycle is 
required for these instructions. 
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The LOAD INDEX UPPER Instruction 

The LOAD INDEX UPPER instruction is an instruction that transmits a 15 -bit quantity 
from the upper address portion of a memory word to an index register specified by 
index designator b. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. The 15-bit upper 
address portion of the memory word replaces the contents of the index register. 

The memory word is found at an 18-bit storage address composed of a bank term a 
(within parentheses) and a modified base address M where M = m + (V ). If the bank 
term is missing, the current operand bank setting is assumed. The v index designator 
allows for relative addressing. If it is not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the upper address portion of 
the memory word is transmitted to the index register. 

If MG is specified by the programmer, the magnitude (absolute value) of the upper 
address portion of the memory word is transmitted to the index register. 

The CM and MG modifiers are seldom used for this instruction. 



2-2 



F 
O 
R 

M 
A 
T 



LI 



LOAD INDEX UPPER 



LIU 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



TTT— T 

5 ' 2 ' b » i ' m > 



23 



"i — r 

J L 



~i — i — r 

J I L 



< 



47 



1 — i — i — i — r 

J ! I I I 



23 



naK 



■ m i ■ 



NORMAL 



47 t 

U i . i — n — r 



23 



t t 



7 , 7 ■ ■ ■ V , d , ° ..SISUn.Q 



5 ' 2 ' b ■ ■ ■ *"■ ■ 




AUGMENTED 



COMPASS 



j i i u. 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



/ -iIil/ijifi/yM|g| i^A^ithtjtLfiV, i i 



i t i i i i i i 







i* i » i« i» i« i' i « 



Function code 



Optional, transmit 
complement of 
operand 



»l l »l'»l'»l'«l"l"|H|gO|I'H»|i» mH»|glH7|21|H|10Ui|12| > a|i< |M| M|3 7|Mmj«Q|«i |4I|«1|44|«J|4«|«7|41|««|»0 



l""°l 




Optional, transmit 
magnitude of 
operand 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use as destination register. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Kegister to Operand Bank Register. 



•d bit not programmable 



LIU 



F 
L 
O 

w 
c 

H 
A 
R 
T 



LOAD INDEX UPPER FORMAT: LIU,CM,MG (a) m,b,v M - m + (V v ) 




(M) UA -B 



CM 



Was 

Instruction 

Lower? 



No 



Yes 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 




D 

E 
S 

c 

R 

I 

P 
T 
I 

O 
N 



LIU 

LIU, CM 
LIU, MG 



1) (M) UA -B 



2) Contents of M„ A remain unchanged 



1) (M) 



UA 



2) Contents of M UA remain unchanged 

1) |(M) UA |->B b 

2) Contents of M UA remain unchanged 
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LIU 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Load Index Register 1 with the upper address portion of the word 
at address MORTIMER. 



SOLUTION: 



LOCN 



i i i i i i 



i ; ' "• " i* ' 7 " 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LJ,U, 



i 

J I ! LJ L_i 



fl ) rtff.71Iiff,g l fl J il, 



I I i I I I I I I I i I I I i I I I ! 

I I 

'° '" i''l' 3 l l *l''l' t J'n'«l'»|a°1Z'|ai!;3|2«|2S|g6 |2r|;»|;9|30|3.|i;|»|34|a5|>6|l7HeH9|40|«l |4Z|« i |<4|45|4 i |47|<.H» | 80 



PROBLEM: 



Load Index Register 6 with the upper address portion of the word at 
address SNERD modified by Index Register 5. 



SOLUTION: 



LOCN 



i i i i i i 



' ' "• " i« '' i* 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



L,W 



iS\N]E\RiP\ji6iji£~t 



III! 



i i i i i 



'° I" l' ; l"l"l"l | t| l H"l"|gO|il |22|i3|;4|;S|; C |;7|g»|;» | lO|3l|KHl|34H5|16|37He|!9[40|4> | 47 | 43| 44 | 4 5 | 46 | 47 | 4 H | 49 | 50 



PROBLEM: 



Load Index Register 2 with the upper address portion of the word at 
the address specified by Index Register 4. 



SOLUTION: 



LOCN 



i i i i 



I g I 3 I 4 |5 | 6 | 7 | . 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LJiU, 



ijt&i-jtfi i 



■1 1 — I — I — I I I i_ 



0|Nj.3| l ;|t4|l5|l6|l7 |l 6|l9|gO|?l|32|Z3|24|25|g 



6|77|2H|79|30|3i | 32 | 3 3 | 34| 35 |36 | 3 7 | 311 | 39 | 4Q | 4 | 42 | 4 3 | 4 4 [ 4 5 | 46 | 4 7 | 4 8 j « 9 | 50 



PROBLEM: 



Load Index Register 5 with the upper address portion of the word at 
an address four memory locations backward from this instruction. 



SOLUTION: 



LOCN 



i i i i i i 



I' I M« l» l« IT : 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ML 



i x i ^ i i i 



iyi-iTi.ji-£7 i i 



i 



I I I I I I I I I L_L_I I I 

I 



° I " I" '"I" I" l IS l "l" M9 |7°|2'i2i|23|74|g5|76|77|;«|;9|30|3l |32|33|34|35|36|37|3I|39[40|4: |4i|43|44|45|.6|47|4B:49;3C 
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The LOAD INDEX LOWER Instruction 

The LOAD INDEX LOWER instruction is an instruction that transmits a 15-bit quantity 
from the lower address portion of a memory word to an index register specified by 
index designator b. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. The 15-bit lower 
address portion of the memory word replaces the contents of the index register. 

The memory word is found at an 18-bit storage address composed of a bank term a 
(within parentheses) and a modified base address M where M = m + (V ). If the bank 
term is missing, the current operand bank setting is assumed. The v index designator 
allows for relative addressing. If it is not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the lower address portion of 
the memory word is transmitted to the index register. 

If MG is specified by the programmer, the magnitude (absolute value) of the lower 
address portion of the memory word is transmitted to the index register. 

The CM and MG modifiers are seldom used for this instruction. 
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F 
O 
R 

M 
A 
T 



LOAD INDEX LOWER 



LIL 



MACHINE 



May be an 
upper or 
lower -< 

instruction 



47 



5 . 3 < b > I ^l 



23 



T 1 — I — I — I — T 

J 1 I I I L 



D 



47 



"i — i — i — i — i — i — r 
J — i — ! i i i i 



23 

I 1 1 1 

5 i 3 ib i i imi i I 



> NORMAL 



47 



-. i , i ; i — n — i — Tt 



23 



— I 1 1 

5 i 3 ib i i i mi i 



COMPASS 




AUGMENTED 



LOCN 



i i i i 



l ; ' »!' I' " " " 



OPERATION, MODIFIERS ADDRESS FIELD 



r^r^ 



COMMENTS 



LiIiL, iCi Wij $,&, i (, «.,) <tn\j i fci } i v 



i i i i i i i i i i i i i i i i 



i i i i i 



l i 

°l" I" I" I'* I" l"l"l"l'» |Z°l»l|81|I»|»<m|8tHT|?l|;»HO|3i |M|HU4|3a|M|57|M|>»|40|4i |4g |« J| 4« ! «; | < C , 47 |4« | «»|»Q| 



Function code- 



Optional, transmit 

complement of 
operand 



Optional, transmit - 
magnitude of 
operand 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

•Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use as destination register. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
ntgioi.br i.u upcmuu .bcuitt. in. t; gi t> ie r . 



'd bit not programmable 



LIL 



LOAD INDEX LOWER FORMAT: LIL, CM, MG (a)m,b,v 



M - m + (V ) 



F 

L 
O 

w 
c 

H 
A 
R 
T 




QH 



Was 

Instruction 
Lower ? 



No 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Yes 




Use Upper 
Instruction At 
(P) + l As Next 
Instruction 



D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



LIL 



LIL. CM 



LIL, MG 



1) <M) LA -B" 

2) Contents of 1VL . remain unchanged 
b 



1 ^ im\ 
it uvi/ LA 



B 



2) Contents of M . remain unchanged 



1) (M) 



LAI 



B 



2) Contents of M.. remain unchanged 
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LIL 



E 
X 

A 
M 
P 

L 

E 
S 



PROBLEM: 



Load Index Register 1 with the lower address portion of the memory 
word at address CHAREAD. 



SOLUTION: 



LOCN 



i i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ULL 



IJ-"-! I | I I 1 I 



id^/rifrfil,/?,. 1 



' I I I I i I I I I I I I I I I I 



i M'rp i 6 i M' l ' l '° i ' i r' i '' i '' i 'M''i'' i i ' i ''i'°i''i" i " i » i» i ^i"i» l » l »o l 3. IJZ [»i»| J5 | 3 «,3,| J .i»i < oi <l| „|„ |44|45 ,. 6)<7 ,.,,. 9l50 



PROBLEM: 



Load Index Register 2 with the lower address portion of the memory 
word at address CARACDEF + 3. 



SOLUTION: 



LOCN 



i i i i i i i 



1 I ' i ' i < n i « i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LJ± 



\ x IH I 



i i i i(?i4|li^i<?iP|g"i/ r l +i3i ; ,2, iiiiiiiii,!! 



I 1 l I 



10 [ II rn"l' , l lS l l6 l^l"l"|Z°|g'l"|gBU«|ii|gt |;'|2«|;»|10|3l|iZH3|M|35|16|37|ae|39| 4 Q| <l | «; | 43 | «. | « j | « 6 ,4 7 | 4 8 | 49 |1 



PROBLEM: 



Load Index Register 3 with the lower address portion of the memory 
word at address CALFIDNT modified by Index Register 4. 



SOLUTION: 



LOCN 



i i i i i 



M I ' l< l» l« I? |. 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LLL 



I I I 



g^iI,f;/,P,/V l Ti f .3, ; > | V, 



1—1 — LJ — LJ I I 1 i i i | 

I 



° l " l " l "[" l "r 6 l " l "l l M'°P'l"l"|;.| ; 3 l » l ^ l ;.|„| 1 o |i ,n ;| ,l|„| i5|I e|37|3.|39|4 0| « | 42 | 4, | . 4 , » 5 | 4 4 , „ ,.. | ,„„ , 



PROBLEM: 



Load Index Register 5 with the lower address portion of the memory 
word at an address specified in Index Register 6. 



SOLUTION: 



LOCN 



i i i i 



I ' I 3 I 4 | > | 6 | 7 | » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



l.Lli 



i i i i i i ji^i fei ii i i i i i i i i i i i i 



j i_i i i_ 



'l 11 i"l'3|" IH 



l"l l «l"l"l"|g»l"l'gmH4H»|8t| ;7 l ;iH»| 1 o |1 i | 38|»|»4|a5|3«|37|3l|3»|40|4, | 4Z | 4 3 | < 4 | 4 ; 1 4 6 | 47 | 44 ; 49 



The STORE INDEX UPPER Instruction 

The STORE INDEX UPPER instruction is an instruction that transmits a 15-bit quantity 
from an index register specified by index designator b to the upper address portion of a 
memory word. One memory reference is made. 

The operation leaves the contents of the index register unchanged. The 15-bit quantity 
of the index register replaces the upper address portion of the memory word. The 
rest of the memory word is unchanged. 

The memory word is found at an 18-bit storage address composed of a bank term a 
(within parentheses) and a modified base address M where M = m + (V ). If the bank 
term is missing, the current operand bank setting is assumed. The v index designator 
allows for relative addressing. If it is not used, direct addressing is implied. 
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STORE INDEX UPPER 



| SIU 



MACHINE 



May be an 
upper or 
lower ■< 

instruction 



47 



5 . 6 > b ■ i i m i I 



23 ^ 

"I 1 — I — I 1 1 — | — " ^ 



J I 1 l_i. 



3 



47 



23 



-i — i — i — i — i — i — r 

J 1 1 I I I L 



5 ; 6 : b : ■ . m . 



NORMAL 



FT' y I , I I 



23 



S^ ^-/ 



— i — i — r 

5 i 6 ib 



1_2_J_2_I I US] L 



AUGMENTED 



COMPASS 




I' I'M I'l'l' I' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SiLi l 



i i i i i i i i 



(i*)m\,ik,t* 



)\ r \ I l_J L_L 



I I I I I I I l l l i 



I I 

O I II |I3 |lill< | 13 I l« I 17 I 18 |H | ZOJ 21 |a2|Z3|24|2S|26|?7|Zl|g9|3Q|3l | 32 | 5^ [ S4| 35 | 56 |3 7 | 36 | 89 | 40| 4' | 42 j 4j| «4 | 45 |4 6 | 4 T | 4fl | 49 | 50 | 



Function code 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use as source register. 
7, use indirect addressing. 

"Optional, base address. 
Zero if omitted. 
*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



d bit not programmable 



SIU 
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E 

S 
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N 



STORE INDEX UPPER 



FORMAT: SIU 



(a) m, b, v 



M 



(V v > 



F 
L 
O 

W 

c 

H 
A 
R 
T 




Use Lower 
Instruction At 
(P) As Next 
Instruction 




Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



SIU 



i) (bVm m 

2) Contents of B remain unchanged 
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SIU 



PROBLEM: 



E 
X 
A 
M 
P 
L 
E 
S 



Store Index Register 1 in the upper address portion of the memory 
word at address SAM. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




S\IiL)i iSi/JiMi.iIi i 


i 

1 1 ! 1 I 1 1 1 1 1 1 1 1 1 1 ! 1 




' !|!|<I'IM'|1 


9 


i ' 

10 |ll ] 12 |U | 14 \>b |I6|I7|IB |l9|?0|2l|22|23|24|2S|26|Z7|26|29i30|3l 


1 

|32|33|34|35|36|37]3B|39|40|4 t |4Z|43|44|45|46|47| 





PROBLEM: 



Store Index Register 2 in the upper address portion of the memory 
word in Bank 3 address TOM. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i 



^ s . i i Ui 



i (i 3^T^M t 



i i i i i i i i i i i i i i i 



I'l » !♦ I' I 6 I' I' 



I I 

l0 |>>|'2|'3|'4 M S|l6|l7|lB|l9|2O|ZI|ZZ|Z31Z4|23|26|27|at|a9|3O|3l|32|33|34|35|36|37|3a|3g|4O[4i|4g|43|44|«3|46|47|4B|49|50 



PROBLEM: 



Store Index Register 3 in the upper address portion of the memory 
word at address SAVE + 4. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 




i i i i i i i 




-SiliiA. 1 1 1 1 I 1 iSltflKlfl*!^ 1?! 1 ! 1 1 1 > 1 1 1 1 I ! ! ! 1 1 ; 


1 | Z | 3 | 4 | 3 | t | 7 | a 


9 


10 | M |I2 |U|i4 |)S |IS|I7|I» |P» |20|2l]22|23j24|25|2S|27|2aiZ9j30I3l 


32|35|34|35136|37 | 36 


1 

39j40|4l |4Z]43|44|45|46|47|4 


.|.9|30| 



PROBLEM: 



Store Index Register 4 in the upper address portion of the memory 
word at address JOE in the bank where JOE resides. 



SOLUTION: 



LOCN 



ii'ii' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



s.r.u 



1*1^1 I (I 



( \ $ \ ) \ JlAf t , \f\ 



J LJ I I ' I I I I I L_L_ 



I I I 1 I I I 



" ' ' l« " " " I' 



I I 

l0jll|ia|l3|l4|l3|l6|l7jlB|l9|ZO12l|22i23|24|25|g6|g7|2a|Z9|3O|3l|3Z|33|34|3ai3li|37|3fl|39|4O|4i|4Z|43|44|45|46|47|4B|49i50i 
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The STORE INDEX LOWER Instruction 

The STORE INDEX LOWER instruction is an instruction that transmits a 15-bit quantity 
from an index register specified by index designator b to the lower address portion of 
a memory word. One memory reference is made. 

The operation leaves the contents of the index register unchanged. The 15-bit quantity 
of the index register replaces the lower address portion of the memory word. The 
rest of the memory word is unchanged. 

The memory word is found at an 18-bit storage address composed of a bank term a 
(within parentheses) and a modified base address M where M = m + (V v ). If the bank 
term is missing, the current operand bank setting is assumed. The v index designator 
allows for relative addressing. If it is not used, direct addressing is implied. 
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STORE INDEX LOWER 



SIL 



MACHINE 



May be an 
upper or 
lower K 

instruction 



47 



5 ' 7 ' b ■ ■ .""I ■ 



2 3 

~i — i — i — i — i — i — r 
-I — I — I I I » I 



47 23 

~i — i — i — i — i — i — r 

_] I ! I i i i 



r~T — r 



5 I 7 > b I I I"! I 



p" NORMAL 



47 



7 '7 ' I ' 



~n — i 

V - a | ° |7|6|5H|3|2|I|0 



23 



V V 



5'7'b 1 



I I I 



m. 



AUGMENTED 



COMPASS 




i ] i i i 



i' i » i * '' i« i' !■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SAL 



i i i i i i i 



(l*-|/|Wlj|gi jil^i 



j i_j i_i i i i i i i i 



i i i i i i i i i i 



l"l"l" l l »l'«l"|H|"H'>l»'l»aH3|I«mi»«|iT|8»|i»UO|3i |3g|3)|14|35|36|3T|H|39|40|4l | 48 | <3| «« | «i |<» |«7 |4« | 4»UQ| 



Function code 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use as source register. 
7, use indirect addressing. 

•Optional, base address. 
Zero if omitted. 
*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t 



d bit not programmable 
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STORE INDEX LOWER 



FORMAT: SIL 



(a) m, b, v 



m + (V 



F 
L 
O 

w 
c 

H 

A 
R 
T 




(B b > 



<Was 
Instruction 
Lower? 



Yes 



U se Lower 
Instruction At 
(P) As Xext 
Instruction 



<?- 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 




SIL 



1) (B D )-*M LA 

2) Contents of B remain unchanged 
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SIL 
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PROBLEM: 



Store Index Register 1 in the lower address portion of the memory 
word at address SAVE. 



SOLUTION: 



LOCH 



i i i 



l'|3|4|3|«|7|l 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SIaL 



i i i i i i i i. 



SAMl^ l 



i i i i i i 



i i i i i i i i i i i i i i i i 



I " I" l"l " I" l'«l'T|i» l'»|aO|a'[aa|ZI|»«|i5| ;6 |tT|81|l»|10|3l |»a|3»|H|H|l«H7|31|3»|«0|4i |4a|43|<4|«i|« t |«T|4>|4»HQ 



i 30j 



PROBLEM: 



Store Index Register 2 in the lower address portion of the memory 
word at an address two memory locations forward of address BILL. 



SOLUTION: 



LOCN 



' ; ' "* " " i' " 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i 

10 |ll I lg I 13 I 14 I 13 | It | If |l« |U|;0|2l|gg|a3|g4|25|;6|;7|;«|;»HO|3l|3g|>I|34|5S|3C|37|38|39|«0|4i |4;|43|«.|«5[.6|47|4B|«S|30 



1—J LJ I I I I I I l_J I I I I I I I I I I 



PROBLEM: 



Store Index Register 3 in the lower address portion of the memory 
word at an address specified in Index Register 5. 



SOLUTION: 



LOCN 



i i i j i i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Si Til. 



"3 c ' 

I I I I jl l -^p I I I I I I I I I I I I I I I I I I I I I I 



|i I 3 ! 4 | 3 | 6 | 7 ! I \, [ 10 I II I 18 ! 13 I 14 I H | i« M ' I l« I l» I I°l »' I 8 8 1 13| »4| »3| 81 | 87| 81 |t> | 30| 3i 1 18| 33 | 34| 33 | 3. |a 7 | 31 | 3»| 40| 4i [ 48 | 4 3 | 44 | 4 5 | 4« | 47 | 4. | 49 | 3 



PROBLEM: 



Store Index Register 4 in the lower address portion of the memory 
word at address JAKE in the bank in which the SIL resides. 



SOLUTION: 



LOCN 



i i i i i 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



&LL 



i*-i i 1(1 



(fr\) \J\fi\ K\£\ + \i \ 



i i i i i i i 



_1_J l_l I LJ L_ 



l g ' ' I* l» I i 17 , . 



I 
'Oi"|l*|'3)'4|'5j'4)l7|l»|l9|80|8l|88|a3|84|89|86|87|8B189|3O{3l| 3 2| 3 3|34| 3 S|36|37[39|39140|4»|48|43|4 4 |4S|46|47|4B|«9|S0 



The SUBSTITUTE ADDRESS UPPER Instruction 

The SUBSTITUTE ADDRESS UPPER instruction is an instruction that transmits a 15- 
bit quantity from the lower address portion of the A register to the upper address 
portion of a memory word. One memory reference is made. 

The operation leaves the contents of the A register unchanged. The 15-bit lower 
address portion of the A register replaces the upper address portion of the memory 
word. The rest of the memory word is unchanged. 

The memory word is found at an 18-bit storage address composed of a bank term a 
(within parentheses) and a modified base address M where M = m + (B ) + (V ). If the 
bank term is missing, the current operand bank setting is assumed. The b and v index 
designators allow for relative addressing. If they are not used, direct addressing is 
implied. 

If CM is specified by the programmer, the complement of the lower address portion 
of the A register is transmitted to the upper address portion of the memory word. 

If MG is specified by the programmer, the magnitude (absolute value) of the lower 
address portion of the A register is transmitted to the upper address portion of the 
memory word. 

The CM and MG modifiers are seldom used for this instruction. 
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SUBSTITUTE ADDRESS UPPER 



SAU 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



6 .°. b . 



23 



I > m i ■ 



i — i — r 



j i i 



"i — r 
j L 



< 



47 



"i — i — i — i — i — i — r 
j — i — i i i i i 



23 



6 X b : 



i m i ■ 



NORMAL 



47 f 

i , i , i — n — r 



23 



7 , 7 I ' , » , d , ° ^LlL.o 



6 !°. ,b : ■ - m . 








AUGMENTED 



COMPASS 



J I I I L 



OPERATIQN.MODIFIERS ADDRESS FIELD 



COMMENTS 



Si.4it/ijiC|tfijiW[gi ifi*i)nniji£nir 



i I i i I I I i i i i i i j i i i i i 



4 | i | t | 7 | 8 |» | IQ | II |ii| l »l'«l"l'«l'n"|l» |ZO|Z'mmH«m|i«|8T|8»|a»|30|li |3a|3»|34|35|3t|»7|31|3»|40|4i | 42 | 43 | 44 | 4 5 | 4S | 47 | 4» | 49 | »Q 



Function code 



Optional, transmit 

complement of 
address 



Optional, transmit 
magnitude of 
address 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

- Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

• Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

"-* , ^ransmicS ±nstrucLion .Dank 
Register to Operand Bank Register. 



td bit 



not programmable 



SAU 



SUBSTITUTE ADDRESS UPPER FORMAT: SAU.CM.MG (a) m.b.v M=m+(B ) + (V V ) 



F 
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O 
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H 

A 
R 

T 




/cm 

*l Specified? 



G> 



Yes 




Was 

Instruction 

Lower? 



Yes 



No 



o — - 



Use Lower 
Instruction at 
(P) as Next 
Instruction 



Use upper 
instruction at 
(P) + 1 as Next 
Instruction 



(A) LA^ M UA 




D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



SAU 



<3ATT PM 



SAU. MG 



1) (A) LA -M UA 

2) Contents of A remain unchanged 



1> (A^ 

'LA 



"UA 



2) Contents of A remain unchanged 

1) |(A) LA |-M UA 

2) Contents of A remain unchanged 
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PROBLEM: 



Store the lower address portion of A in the upper address portion of 
TEMP. 



SOLUTION: 



LOCN 



I I I 1 L 



' : ' " 4 i» i« " I' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



Sim 



,T>6m>R 



mm i i i i i i LLi£iLun i i i i i i i i 



i i 

10 M' |"l"l'«l" l"l"|H l'»|ie|»l|»»mH4|t»|ae|»m|8»|W|ll UZ|3»H4|3i|M|irmH9|40|4i |«g|«3|««|«»|«e|«T|M|«lH0| 



PROBLEM: 



Store the lower address portion of A in the upper address portion of 
TEMP modified by Index Register 4. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SAU 



i"i^ ' ' ' 



T^tltP,,^ i 



i i i i i i ' i i i 



1! I » I ' I ' I « I ' I » 



I 4 I 5 I' I' I 1 



itJIM II2II3I 



I I 

4|>S|l8|l7,l6|l9|2O,2t,22|23|24,25j26|27|2a|29|30,3l|3Z|33|34|35|36|37|38|39|4O|4i,42|43,«4|45|46,47|46,49|3O | 



PROBLEM: 



Store the lower address portion of A in the upper address portion 
of an address specified in Index Register 5. 



SOLUTION: 



LOCN 



J L_i_ 



I' I ' I 4 " ' 6 ' 7 I ' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



S^U 



l*Wl I I I i i 



I-)! 5 ! i I 



-I — I — I — I — 1 I I I I I I I I I I 



I I I I I 



H| 13 I 14 H M6 17 |. 8 | 18 |20|2l|2;|23|24|23[26|27|2l|29|30|3l | 32 | 3 3 | 3 4| 33 | 3S |3 7 | 36 | 39 | 40 | 4< , 42 | 43 | 4 4 | 4 3 | 4 6 | 4 7 , 48 , 49 , 50 | 



PROBLEM: 



Store the lower address portion of A in the upper address portion 
of address SLOJOE in Bank 1. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 




COMMENTS 




! 




S:/fL/| |||,,| Y,4,),S,/.,^J"^i^ , , 


II,: 


i 

: i i , , i i , i 


1 1 1 1 


I |2 | 3 4 |3 ,8 ,7 ,| 


9 


1 

'0 1 " i 12 |*3 | 14 |i5 |iG|l7|ie;i9 |ZOjZ!|22|23|24!25|?6|Z7|2B|29|JO|S< 


| 3? | 55 | S« | 5*i j JS |S 7 


i 

38 | 39, 40 |4r, 42, 43, 44, 45, 46 |47j48,49,50| 
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The SUBSTITUTE ADDRESS LOWER Instruction 

The SUBSTITUTE ADDRESS LOWER instruction is an instruction that transmits a 15- 
bit quantity from the lower address portion of the A register to the lower address 
portion of a memory word. One memory reference is made. 

The operation leaves the contents of the A register unchanged. The 15-bit lower 
address portion of the A register replaces the lower address portion of the memory 
word. The rest of the memory word is unchanged. 

The memory word is found at an 18-bit storage address composed of a bank term a 
(within parentheses) and a modified base address M where M = m + (B ) + (V ). If 
the bank term is missing, the current operand bank setting is assumed. The b and v 
index designators allow for relative addressing. If they are not used, direct addressing 
is implied. 

If CM is specified by the programmer, the complement of the lower address portion of 
the A register is transmitted to the lower address portion of the memory word. 

If MG is specified by the programmer, the magnitude (absolute value) of the lower 
address portion of the A register is transmitted to the lower address portion of the 
memory word. 

The CM and MG modifiers are seldom used for this instruction. 
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SUBSTITUTE ADDRESS LOWER 



SAL 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 
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"i — i — i — i — r 
j — i i i i 



J 



47 



23 



J L 



"i — r 

J L 



6 1 ! 'b ' 



■~ ■ ' ' m ' 



NORMAL 




AUGMENTED 



COMPASS 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ffiAiLijiCi frijiflifo i ^<i-JiMi J i/'ij l y 



j i i i i i 



i i i i i i i 



i i i i i 



"I" I" l"l" I" I" I" I" l'»|ZO|2'l»mia«ia»|i«HT|g8|2»|3°l" |32m|i<|3i|MH7|ae|39|«0|<i | 4; | 41 1 4 4 | 4 S | 46 | 47 | 41 | 48 | jo 



Function code 



Optional, transmit - 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

• Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t 



d bit not programmable 



2-23 



SAL 



SUBSTITUTE ADDRESS LOWER FORMAT: SAL,CM,MG (a)m,b,v M=m+(B ) + (V V ) 



F 

L 
O 

W 

c 

H 
A 
R 
T 




G> 



Yes 



Was 



->{ Instruction 

vLower? 



Yes 



No 



MG \ No 

Specified?/ 



Yes 



■H (A) LA^ M LA 



,(A) LA > 0?, 



Yes 



No 



o 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



■*\ (A) LA^ M LA 





SAL 



!> < A >LA~ M LA 

2) Contents of A remain unchanged 



D 

E 
S 
C 
R 
I 

P 
T 
I 

O 
N 



SAL, CM 



SAL, MG 



1 \ / A \ 



LA~ M LA 



2) Contents of A remain unchanged 



1) (A) 



LA 



M 



LA 



2) Contents of A remain unchanged 
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SAL 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Store the lower address portion of A in the lower address portion 
of PETE. 



SOLUTION: 



LOCN 



] i i i i 



" ' "« " " 1 7 



OPERATION.MODtFIERS ADDRESS FIELD 



COMMENTS 



SAiL 



' ' ' 



\P&TA 



j— i—i — i i i i i i i i i i i i i i i i i i i i i i i i i 



101" M2II9 



l"l'«l"l'«l"l'l|H|aOH'|g«H»H« H»mHT|8l|HUIIHI| M H»H«|M|3 t H>| M n 1 | < 0|,i |42|»J|44|4a|4€|«7|.||»l|»e 



PROBLEM: 



Store the lower address portion of A in the lower address portion 
of PETE-1 modified by Index Register 3. 



SOLUTION: 



LOCN 



j i i i i 



|2|l|4|i|t|7|B 



OPERATION.MODtFIERS ADDRESS FIELD 



COMMENTS 



5ifiJ=i 



L 



l±=LA I-L-- L-J- l lPl^iT"|fi"*ilij |3| I I i I I i i i i i i i [ I I i [ i 

I I 

» l'0|" I" |H|'4 |H|l «|l7|il|H|ZO|;i|iIHlH«H»|;niT|ai|HHQ|Ii |MU»|34|3»|»4UTUe|»l|40|4i |48|4J|44|4i|46|47|4||4»|iQ| 



PROBLEM: 



Store the lower address portion of A in the lower address portion 
of TOM in the bank where TOM resides. 



SOLUTION: 



LOCN 



i i i i i i 



I'l'i'i'i'i'n 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ZAA 



■ ''''I'' 



flJL) rqfti 



i i i i i i i i 



I0 l" l"l"M< M» l'«l' '|l«|ll|80|ei|ig|»3|24|»|itl»T|81|i»|30|3l |I2t3»|3«|33|3«|lT|31|3»|40|4i |4g|43|44 



43l46|47|4.|«9|30j 



PROBLEM: 



Store the lower address portion of A in the lower address portion 
of an address that is three memory locations relatively forward. 



SOLUTION: 



LOCN 



i i i i i 



I' i ' i« n i« .7 |i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



■ Pifii'-i I 1 I i i I gjjfajj i i i i i i i i i i i i [ i i i i 



i i 

'° I" I " I "I" I" 1 '4 | '7 |IS | 19 |20|2l|22|23|24|2i|;t|27|2» l ;»|30|3. | 32 | 3 3 | 34| 33 | 34 | 3 7 | 3C | 39 | 40] 4i | 4g | 43 | «4 | 43 | 46 | 47 | < » | «9 | 3 



The ENTER INDEX Instruction 

The ENTER INDEX instruction is an instruction that transmits a 15-bit quantity Y, 
where Y = y + (V v ), into an index register specified by the index designator b. No 
memory reference is made. 

If the bank term a (within parentheses) is missing, the current operand bank setting 
remains. If the bank term a is used, the current operand bank setting will be replaced 
by the value a. In either case it will not affect this instruction. However, it could 
affect future instructions that reference memory for operands. 
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F 
O 
R 

M 
A 
T 



ENTER INDEX 



ENI 



MACHINE 



May be an 
upper or 
lower ■"( 

instruction 



47 



1 1 1 

5 i ° i b i i i yi i 



23 



i i i — i i r 
j i i i i I 



r" NORMAL 



47 



23 



t i i i i i r 

J I ! I i i I 



5 .°< b . ■ .y. 



47 


t 


23 







'M 


1 I'l I 

1 V 1 1 Q |7|6|5|4|l|2|l|0 


5 ' 'b ' 
i i i 


1 I y . 


1 



AUGMENTED 



W J V 



COMPASS 




i i i I i i 



' i ! i* i' i 6 1 7 1 » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



&N<1< i i - i i i l / , i«-i)i/ l? ii>i.i/ 



i i i i i i i i i i i i i i i i 



i 

'0| 'I |'8|i»|i»|H |i«|l?|l' l'»l'°l"|gZH'l»<miit|gTU«|?»|30|3l |3i|J»|a4|li|M|»T|M|l»|«0|4i |4i|4J|«|«»|4e|«7|4l|«»U0 



Function code 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

•Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base operand. 

Zero if omitted. 

*, current program addre ss. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



d bit not programmable 
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ENI 



D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



ENTER INDEX 



FORMAT: ENI 



(a) y, b, v 



Y = y + (V ) 



F 
L 
O 

w 
c 

H 
A 
R 

T 




Use Lower 
Instruction At 
(P) As \ext 
Instruction 




Use Upper 
Instruction At 
(P) + 1 \s Xcxt 
Instruction 



ENI 



■B 



2-28 



ENI 



PROBLEM: 



Enter Index Register 1 with zero. 



E 
X 
A 
M 
P 
L 
E 
S 



SOLUTION: 



LOCN 



J_J I I I I L 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



EJLL 



i i i 



j i i«ili i i i i i i i i i i 



I I I I I I I I I I I I I I ! I 



'' I 3 I » ' 5 '* I ' ' ' I ' I '"I" l"l l i l'-']'M l «l"l"l'»|2°|g'|g'|gI|g«|gi|36|;7|;e|;»|3O| J .H2|iJ|34 |i 5|3t | 3T|; a |l 9 |,0|., . g | « 3 , 4 . , « ; , . 6 , 47 , , 5 , « , , „ 



PROBLEM: 



Enter Index Register 2 with minus zero (all 7's). 



SOLUTION: 



LOCN 



i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Mz±. 



J — I \~\Q\y\i\ L_l I I I I I I I ! 



I g I ' I ' I » I « I ' I « 



'° I 'M 1 ' 1'1 |'« ]''I'*H'|'» |'9|ZO|;<|a2|;3|74|g5|?^|7?|;»|g9|3D|3l |3g|33|34|35|36|37|39|39|40|4! |47|<3|«4|*5i46|«7|4S!<9ji0| 



PROBLEM: 



Enter Index Register 3 with an octal 77. 



SOLUTION: 



LOCN 



\l | 3 | 1 |» | 8 | 7 | . |, 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£,NZ, , 



-J I I I L 



7i7 ,5i 3 .J 



i_j i i i i i i i i i i i i 



j i i i i i_ 



i i 

'" 'l IJ !"'l i; !"Mn.l|'»|;0|?l| !;|gI|;«|;5|;6|?7|;.|;»|3O|3. I 3Z| 33 I H| 35 I 3S |37 |ia I 3» I loll: | 4g | .3 | < 4 | . S | 46 | 47 | 411 | . 9 | S ; 



PROBLEM: 



Enter Index Register 4 with address SNOPS. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 




1 ; I I 1 i : 




i | 
£|/Vi71 i i i i i i \S i H l p\P i S\jrf\ i I i I i i ! i > , 


• |! | 3 l« l» !• 1' | • 


9 


i 

l0 l l M lZ l^p4jl5jlS|i7|IB|l9|?0!Zl|??j23|Z4j?5[76j77|?B|!9l30|3i 


! 3?|33[34|3S| J6|3? 


t 

; S8 ! 391*01 *- [42 !4.1i44;4S|46|47|4|l 


49jS0! 



The ENTER A Instruction 

The ENTER A instruction is an instruction that transmits a 15-bit quantity Y, where 
Y = y + (B ) + (V ), into the A register. No memory reference is made. 

The 15-bit quantity is transmitted right-justified into the A register with the sign bit 
extended automatically through the rest of A. 

If the bank term a (within parentheses) is missing, the current operand bank setting 
remains . If the bank term a is used, the current operand bank setting will be replaced 
by the value a_. In either case it will not affect this instruction. However, it could 
affect future instructions that reference memory for operands. 

If CM is specified by the programmer, the complement of the quantity Y is transmitted 
to the A register. 
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F 
O 
R 

M 
A 
T 



ENTER A 



zr 



ENA 



MACHINE 



May be an 
upper or 
lower -^ 

instruction 



47 



iTo^b 7 " 
I I L 



23 



I y I l 



1 r 



i — i — r 



J I I I I L 



47 



i> NORMAL 



"i — 1 1 1 — I — r 

J 1 ! I I L 



23 

1 1 1 1 

1 i ,b , i i v i i _| 



i u i D i i i y i i 



47 



t 



7 1 , i . i n i r 



23 



1 >°>\ ■ .y. T 



COMPASS 




AUGMENTED 



LOCN 



; i ; i * i ; i « i ; 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



E"i/Ui ? i£iff (<*■*) \^yb> v V 



I I I I I I 



I I I I I I I I I I I I I I 



"I" I" l"l'* I" Li! I"!" 1 LHli£i£liilllllillilLiJ |Z7|g»|a»|IO|»i |3g|i>|a«|J5|M|jr|M|i»|40|4i |<;|«]|4»|»5|<6|47|«8|49|a0| 



Function code 



Optional, transmit 
complement of 
operand 



- Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base operand. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number of Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t 



d bit not programmable 
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ENA 



ENTER A 



FORMAT: ENA, CM (a)y,b,< 



Y = y + (B b ) + (V V ) 



F 
L 
O 

w 
c 

H 

A 
R 
T 




Y - A 

Sign 

Extended 




Was 

Instruction 

Lower? 



1N0 



Yes 



Use Lower 
Instruction 
at (P) as Next 
Instruction 




Use Upper 
Instruction at 
(P) + 1 as Next 
Instruction 



ENA 
ENA, CM 



Y -A 
Y~-*A 



D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 
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ENA 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Enter A with zero. 



SOLUTION: 



LOCN 



i i i i i 



" "" " ' 8 1' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£M 



I I I 1 I I I I I I I I ! I I I I I I I I I 



I I I I 



! °l" l l2 l"l l <l l »l l «l"|H|'»|201Z'|iiH3|»4|ii|g€| ?7|2«|;»|3(l|3MMm|J<|»5|3«|lT|31|3»|«OHi |4;|< J |«4|<5|««|47|4||4» | 5 



|4«l«»|50| 



PROBLEM: 



Enter A with the contents of Index Register 1 , 



SOLUTION: 



LOCN 



i i i i i 



l g I 3|4 |3 |6 |> |! 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£M 



i i i i i 



1 i 



i i i i i i_ 



J — I — I L_J I I I L_l 



I" |I»|I3|I4 |i3 |H|ir|ie |H|;OHi|i»|i3|24|ia|;6|g7|ge|il|30|3l |32|33|34|33|3«|3 7|3l|39|40|4i |4Z|43|44|4i|46|47|4l|4»|ao| 



PROBLEM: 



Enter A with -50. 



SOLUTION: 



LOCN 



I I I I I ! 



I'l"' '" 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



KiM 



i_j i i i i i i i-» 1*^1 



-fA 



-LJ i I I I I 



I I 1 I I I I I I I I I I I i 



■0 I'l |H|U|'4 | H 16 I ,.■ ].» | 19 |Z0[Zl|;;|;3|24|;S|;6|;7| ! J|;9|3O|3i |3;|33|34|3S|36|37|3e|39|4Q|«i | 4Z | 43| 44 | 4 5 | 4 6 | 4 7 | 48 | 49| 30 



PROBLEM: 



Enter A with address POPS. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i 



" " " " >< " " 



£\"\ "i i i i i i i \'\f\P\ s i i i i I i 



J_l LJ 1 I LJ I I i 



|'2|i3|'4 |i5|r6|'7|lB|l9| g o | zi|22|23|2«| g 5| 2 e | 27|2e|79|30|3l|32|>3|34|iS|36|37[3a|39[4Q|4i)42|4i|44|45|46|47|4t!49 t 5o 
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The ENTER Q Instruction 

The ENTER Q instruction is an instruction that transmits a 15-bit quantity Y, where 
Y = y + (B ) + (V v ), into the Q register. No memory reference is made. 

The 15-bit quantity Y is transmitted right-justified into the Q register with the sign bit 
extended automatically through the rest of Q. 

If the bank term a (within parentheses) is missing, the current operand bank setting 
remains. If the bank term a is used, the current operand bank setting will be replaced 
by the value a. In either case it will not affect this instruction. However, it could 
affect future instructions that reference memory for operands. 

If CM is specified by the programmer, the complement of the quantity Y is transmitted 
to the Q register. 
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F 
O 
R 

M 
A 
T 



ENTER Q 



ENQ 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



'4 'b ' 
__l I L 



.y ■ 



T I I r 



i — r 



o . 



i I i l i l L 



< 



47 



23 



i — i — i — r 

J I I L 



J L. 



I I ' ' 
10 i 4 i b < 



j i_y_ 



NORMAL 



47 


t 




23 







t'7 1 
II 


1 u 

1 v l d l a 


|7|6|5H|3|2|I|0 


0'4'b' 

1 1 1 


1 y 1 


1 



AUGMENTED 




COMPASS 



LOCN 



i i i 



i i 



i' i » i * i 5 1 s i ' i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



E./Vig.jiCMi 



i^i«-i)i/ijitijiy 



i i i i i i 



I I I I I L_L 



7 pa | is |;o|;i|z;|i»|i4|i»|it | g? |;i |;a | m| n |3g|i»| H|»|3«|J7 |U |i»| «0|«. |42 |4 3 |««|«»|««|47|4«|«»|i0| 



Function code > 

Optional j transmit 
complement of 
operand 



■Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1 -6, use relative addressing. 
7, use indirect addressing. 

Optional, base operand. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



' d bit not programmable. 
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ENQ 



F 
L 
O 
W 
C 
H 
A 
R 
T 



ENTER Q 



FORMAT: ENQ, CM 




CM 
Specified 



(a) y, b, v 

No 



Yes 




Was 

Instruction 

Lower? 



,No 



Yes 



Y = y + (B b ) + (V v ) 



Y - Q 

Sign 
Extended 




Y - Q 

Sign 

Extended 



Use Lower 
Instruction 
at (P) as Next 
Instruction 



Use Upper 
Instruction at 
(P) + 1 as Next 
Instruction 




ENQ 
ENQ, CM 



Y -Q 

Y ~Q 



D 

E 
S 
C 
R 
I 

P 
T 
I 

O 
N 



2-3fi 



ENQ 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Enter Q with five less than the contents of Index Register 1. 



SOLUTION: 



LOCN 



J I l_J I L_l_ 



I'l'I'IM'I'H 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£M& 



i i i i i i i \~p\f\i\ i i i i i i i i i 



-i-i i i i i i i i i i 



"I" I'M"! 1 *!" l"l"l"l'»|ZOH' |iZ|2>|a«l»5|ZtH7|8tH»|30|3i | 32 | 3 3 | 34| 35 | 36 |3 7 | 38 | 39 | 40| 4 , j 4 g | 4 j | 4 4 | 4 5 | 4 6 [ 4 7 | 4 ■ | 4 9 | 3 O | 



PROBLEM: 



Enter Q with -35 octal. 



SOLUTION: 



LOCN 



j i i i i 



IJ3|«|S|«|7|i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



fiMQ, . 



i i i 



i~i3i5"|25i 



_L_1 LJ l_l I I I 







I I 

10 I i' |'»|'»|'<|H|"l"|H|'»|ZIIH H'Z|»|a«l»)i«|;T|2l|g»|>0|I' |32|33|34|35|3«|37|3B|39|40|4i | 42 | 43 | 4 4 | 4 j | 46 j 47 | 48 j 49 t jo 



PROBLEM: 



Enter Q with the sum of Index Registers 1 and 2 , 



SOLUTION: 



LOCN 



I I I I \ I L. 



I ' I 3 | 4 | j | 6 | 7 | « 



OPERATLONJODIFIERS ADDRESS FIELD 



COMMENTS 



E\N<G< i i i i i i lyili-.JLi 



' I I I l I l l I i i i ; i i 



"* I " l"l"l"l"l"l"l"l">l'0U'|g g |!3|Z4|gS|?t|Z7|;a|;»|)O|3l | i;|33|34|3S l 36|37|3e|3a|40|4i |43|43|44|4i [ 4 < |47|4.j4 9| ; 0j 



PROBLEM: 



Enter Q with address SAM modified by Index Register 3. 



SOLUTION: 



LOCN 



i i i i i i i 



i ' i ■ i « i ' i » i ' i ' 



OPERATION, MODIFIERS ADORESS FIELD 



COMMENTS 



&m 



1 1 i i 1 1 1 1 



SJA,,3 



1 I I I I I I I I I I I I I I I ! I I I I I I I I I I 



'° ' " I"!"'" I" I" I'M" IH I2g| ;'|3;|73|?4|23|;6|;7|2l|;»|30|3i l 3;|33|34|35|36|37|i8 |38|40|4. | 4 i ! 43 | 4 4 | 4 3 | 46 [ 4 7 | 48 | 49 | 50 
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NEW CONCEPTS OF GROUP 2 

The instructions in this group are much like those in Group 1. Here, only 15 bits 
are transferred, and these are usually addresses. 

For the first seven instructions the source and destination are 15 bits each so that it 
is just a matter of transmission. For the last two instructions (ENA and ENQ) the 
source is 15 bits, but the destination is 48 bits. In this case the entire register is 
cleared. The 15 bits are then entered into the lowest part of the register (right justified) 
and the upper bits are a repetition of bit 14. 

The symbol ** (double asterisk) is introduced here. This symbol prestores a 15 bit 
address of all 7's. It represents a "dummy" address that is to be replaced by an actual 
address during the execution of the program. 
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Problem 2: 

Write a subprogram that will transfer 48-bit words from one area of memory to another. 
As the subprogram is entered, the initial address is in A lower, the terminal address 
is in A upper, and the number of words is i n Q lower . 



Flowchart: 




Transfer 
Addresses And 
Word Count To 
Memory 



Transmit Words 
From Source To 
Destination 




Problem 2 could be solved by coding in the following manner: 



LOCATION 



OPERATIOUMttlFIERS 



ADDRESS FIELD 



COMMENTS 



i&aZf" 



:£:::i..,;:::: 

.sZi? ._!££«£.__ _ _ 

ILL I/WA i 

UP frstimiui 

SLS. 
LDA 
.3,Di 






SSS. 



Jj^MALAmms 






TfM^&LJMlMi 



m£<-MM 



WtfQ £j/k*fc'- 



Tm/km-L 









M&mJX.. 






L. _i.-J i i X.. 



Student Problem 2A: 

Write a subprogram that will solve problem 2, but use the XMIT instruction. 
Flowchart: 



2-40 



Problem 2A could be solved by coding in the following manner: 



LOCATION 


DPERATI0N.M00IFIERS ADDRESS FIELD COMMENTS 




t _ u - n ■ nlnuiB^iBIMIillJl »K !ll» O HIMIM «'» «t«" t!'«iUit(,irilHU|*l»i'l 




J I . , ^^ ■ :__ ! L-J i ' | , ! 




, , . LUU ^ i_i X- 




! 1 . . , , ...... _. ■ __i • 




j . . - ! . - _1_ > | . ■ J I . : | | • T I 1 . : 1 ! : i i 1 1 i 1 . 1__1_1_1_.J_.J_ 1_L J._i-J_J_L.i...i_X_l_l_-l_i_l--l_l_.i_J_L-i— !— !— 




. j . ! . , . , , . , , ___._. _ 




i l • ■ J_l L ■ •-.-.. l_ J_ i. ' _± __ __.___! __■-■■ __■___ ■ ■ J_ 




J j . . . 




j 1 -'< i J_'__i_.^>:>.J.'.l;;> 




1 _[_ . , , , . 




i 1 ■ I ■ ■ 1 1 1 < ■ ■ 




1 1 . , , , 




• _______ 1 11 ! J_1_J_1 J_L_1 '.. .l__i L..J.....1 ..1 1 1 1 i 1 i 1. .L.._J._..._L...._.l__L_.___J..._..._..---l_l._L.__- 




1 ! J _L _________ ' I ■ _^ i_ : i J_J.__.._J. i—l—i—l ___________ '_____-.'...' .1 —1 1 — L_ J — i — -_.-_.- — 1 — 1 — i — ! — 1 — 1 — i — -- J — ! — 1~ 1 — 1— 




j ...... 




_L ! . , _L_i 1_L l_l 11- .__-. ' -' !_ :... i -.' 1 '_-_' __-_-____: - : '. J- - — 1 — ! — l-..-i_l_i — 1_J — 1- '...—.J _i._l__-___..___-_--l_J_ 
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GROUP 3 
ADDRESS ARITHMETIC 





GROUP 3 




ADDRESS ARITHMETIC 


1. 


Increase A INA 


2. 


Increase Index INI 



This group of instructions performs an addition on the contents of A or the contents of 
an index register. No storage cycle is required. 
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The INCREASE A Instruction 

The INCREASE A instruction is an instruction that adds a 15-bit quantity Y, where 
Y = y + (B ) + (V ), to the contents of A. The sign of Y is extended to 48 bits before 
the addition takes place. No memory reference is made. 

If the bank term a_ (within parentheses) is missing, the current operand bank setting 
remains. If the bank term a is used, the current operand bank setting will be replaced 
by the value a. In either case it will not affect this instruction. However, it could 
affect future instructions that reference memory for operands. 

If CM is specified by the programmer, the complement of the 15-bit quantity is added 
to the contents of A. 
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F 
O 
R 

M 
A 
T 



INCREASE A 



INA 



MACHINE 



May be an 
upper or 
lower 
instruction 



r 



47 



i^E 



23 



i y. 



i — r 



i r 



j i L 



J L 



-< 



47 



i — r 

J L 



"i — r 
j L 



23 

— 1 r 

1 i 1. 



J L 



_LY_ 



NORMAL 



47 



23 



iii — n — i i ' 



1 ! X I b ! 



J i y I 



AUGMENTED 



COMPASS 




r Jv ^ \ r^r^ 



LOCN 




OPERATION. MODIFIERS ADDRESS FIELD 


COMMENTS 








I;A/,A,|C,fl. , . i i6*;)iy,jii>i jlVl , , 1 1 1 ! 1 1 1 i ; 1 , i [ ; . . , , 1 , 


■ i^lJ. 4 ; 5 ! 6 ; 7 ] 9 


9 


1 

' ■ i I ■! [ U | :» ■ '5 ■ ' 6 1 I 7 | '8 | '9 | iO 1 2 i JZ|JJ|?*jJ5|J6j??|?«|39j3 0|ii | 3<> | 3 J ] i4| 


i 

5^ii6|5'|5S !9; 40j 4 :47 | «3;44j«5|4€j47 


48 ■ 49 |5C j 



Function code ' 

Optional, transmit ' 

complement of 

onerand 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base operand. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t d bit not programmable 
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INA 



INCREASE A 



FORMAT: ,INA, CM (a)y,b,v 



Y = y+ (H b ) + (v ■'■') 



F 
L 
O 

W 

c 

H 
A 
R 
T 




Y + (A) - A 

Sign 

Extended 




Yes 



Y + (A) - A 

Sign 

Extended 




Was 

Instruction 

Lower? 



No 



Yes 



Use Lower 
Instruction at 
(F) as Next 
Instruction 




Use Upper 
Instruction at 
(P) + 1 as Next 
Instruction 



D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



INA 
INA, CM 



(A) + Y -A 
(A) + Y -A 
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E 
X 
A 
M 
P 
L 
E 
S 



INA 



PROBLEM: 



Increase the contents of A by two. 



SOLUTION: 



LOCN 



I! I 3 I 4 l 5 I 6 I 7 | 6 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LttA 



1—1 — I — I — 1—1 — I l<*l I I I LJ 



I I I I 



10 I ! i"r' I 14 i" 



'«|I7|H |U|i0|ii|22|23 |Z4|i5|;6|87|Zl|89|3O|3i | 32 [ 3 3 ! 34 | 35 | 36 | 1 7 | 38 | 39 | 40 | 4 ■ | 42 | 43 | 4 4 | 4 5 , 4 6 | 4 7 ] 48 | 49 | S j 



PROBLEM: 



Increase the contents of A by the contents of Index Register 1, 



SOLUTION: 



LOCN 



i i i i 



I'i'i'i'i'i'i' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



ZhA 



I I I I I I I I J IJ 



J ' I I l_l L 



J_J I LJ I I I 1 



I I 

■°|" | lz l"l l< ["l"l"|H|'»|Z°|Z' l»i|g3|a4m|;t | g7|Z»|;»|30|3i|3Z|33|34|3»|36|37|3»|3»|4Q|4. I4ZI43I44I43I46I47J48.49I5QI 



PROBLEM: 



Decrement the contents of A by one. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



-^Mfl i i i ' i i i \ - < £ i i i i i i i i i i i i i i , i i i i 



2 | 3 | 4 | » | t | | 7 | ' | » l l » l " l l2 l "l' < l "l"l l H"l"|4°|4'l»mi»l»|i« H 7 l 4 t |»|3O|3l|3 g H»H4|»H.| 1 7|3.|3.|.0| <l |. Z |,3 | .4|.,|4.|47|4 t |..|.0 



PROBLEM: 



Increase the contents of A by 77 octal. 



SOLUTION: 



LOCN 







I'|i|4|5|6|7 |t 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



InVfli i i i i i i 1 7 1 73\ 



J— I — l— I — I I I l_J L_l ill 

I I 

O I" I '2 | 'I | 14 | 15 S | ■"■■ |'»|gO| 2'|«l'3|i«|»3|it|;7m|2»|3Q|3i | 32 | 3 3 | 34 | 35 | 36 |3 7 | 38 |39|4Q|4 | 4 2 | 4 1 1 4 4 | 43 | 46 | 47 | 48 | 49 | 3Q | 
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The INCREASE INDEX Instruction 

The INCREASE INDEX instruction is an instruction that adds a 15-bit quantity Y, 
where Y = y + (V V ), to the contents of an index register specified by index designator b. 
No memory reference is made. 

If the bank term a (within parentheses) is missing, the current operand bank setting 
remains. If the bank term a is used, the current operand bank setting will be replaced 
by the value a. In either case it will not affect this instruction. However, it could 
affect future instructions that reference memory for operands. 
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F 
O 
R 

M 
A 
T 



INCREASE INDEX 



INI 



MACHINE 



, 47 
r ' 1.1,1 



May be an 
upper or 
lower -< 

instruction 



5 1 1 > b i i i y i i 



23 g 

n — i — i — i — i — i — i — 

_i i i i i i i__ 



r> NORMAL 



47 23 

1 — 1 — I — I — I — I — T 

I I ! I I I L 



5 1 1 i b . i <y i i 



47 


t 


23 







i i 


1 II 1 

1 V 1 1 Q |7|6|5|4|3|2p|0 


5 , l,b , 


i «y i 


I 



AUGMENTED 



COMPASS 




LOCN 




OPERATION. MODIFIERS ADDRESS FIELD 


COMMENTS 


i i i i i i i 




■LlNll I I , i I I [ { I*! /l/l }l«>i J I ^| I I I I I I I I I ! I I I I I ! I ! I I I I I 


, |2 | 5 ]4 |S |t |T |> 




I 

0|ii|^|ti!!«p5|!6 l i?|(ejl9|£O!Ei|Z2|!5|r4|25|26(!7|28|29|3O|3 


i 

i |32|3S|34| 35|36|3 7 138 | 39| 40[4 |4?l43j44|4S|46|47|4e|49|30| 



Function code 



J 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

■Optional, base operand. 
Zero if omitted. 
*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



'd bit not 



programniaDie 



INI 



D 
E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



INCREASE INDEX 



FORMAT: INI 



(a)y, b, v 



Y = y + (V v ) 



F 
L 
O 

w 
c 

H 
A 
R 
T 




Use Lower 
Instruction At 
(P) As Next 
Instruction 




Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



INI 



(B b ) + 
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INI 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Increase the contents of Index Register 1 by one. 



SOLUTION: 



LOCN 



i' i 6 i' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



TJLL 



i—i i i i i 



i i-tijiJi 



i i i i i i i i i i i 



J 1 I I L 



i l'M"l l< l l M'«l'H"l'9|'o|;M;2i;s|g«|g5 | ;8 |"l'»l^|3°l"|3g|33|i«|S5|i«|irne|„|,,o|,,, |4 ; | . 1|44|tt| , 6j<7|4 , |4 , |50| 



PROBLEM: 



Decrease the contents of Index Register 2 by one. 



SOLUTION: 



LOCN 



i i i i i i 



i 2 ' "• " i 6 " i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



^ l"^l I LJ i I I |-|.I|j|3.i I I I I I i i | 



_l_J I 1_1 L 



I I 1 I I I I I 



I I 

J I" l"l' i l ,< I" I "I 17 I" I" |Z°H i|ii|aJ|Z«|ia|g«|;7mH9UO|3i |3?|33 |34| 35 | >6|3 7 |3B | 39| 40| 4. | 4 g | 4; | 4 4 | 4 5 | < <i | 4 7 | 48 I 4? , ;p 



PROBLEM: 



Subtract 33B from the contents of Index Register 3. 



SOLUTION: 



LOCN 



I'l'i'i'i'i'n 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Ii/ViJ: 



i3i?|g|.,i?. 



j j 1 I i LZlZjgL»l£ | 



-I— I — 1—1 l__l 1 I I I I 



° l " l " | "|' 4 l" l "l"l'»l"l">l"l"l"|84|;»|gS |Z7 l 2.|;9 l 30|3i | 3g | 3 1 [ 34, IS |36 | 3 7 | 3« | 3 9 | «0| 4- | 4 2 | 4 1 1 44 | 4 j | 46 | 47 | 49 ! »9 | JO ; 



Li 



PROBLEM: 



Increase the contents of Index Register 4 by SAM. 



SOLUTION: 



LOCN 



i^'i'i 



" ' "• " < <■ i' i ■ i» 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



li 



i i i La-xA^A i i i i i i i i i i i i i i i i , , i , i 



'°l"l' 2 '"l l *i' i '' 6 ' '7|'a|l9|gO|gl | ;g|33| g 4|;5|gS|Zr|;»|g9|30|l.|3;|33H-»|31 | ^6|ir|3ai39|40|4 i i4; t 43|44|4S|46|47 l 48.49,^ i 



3-9 



NEW CONCEPTS OF GROUP 3 

This group consists of fast arithmetic instructions that add positive or negative numbers 
to the A or index registers. The arithmetic is l»s complement. 

Since the number added to the register is only 15 bits, the number added is limited to 
±16, 383. You can INA 5, INA -329, but not INA 543216. For this, you would have to 
ADD the quantity where the quantity resides in memory. 

Another new concept introduced at this time is the suffixing a number with the letter B . 
Any number suffixed with a B is assumed octal. Examples are: 13B, -246B, and 
346715B. If no B_suffixes the number, the number is assumed decimal. Examples are: 
59, 63, and -3456. 1348B is illegal. 
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Problem 3: 

Numerous files containing BCD characters have been read into core starting at address 
BUF. An end- of- file in core is signified by 17B. Write a subprogram that will search 
for the first end-of-file. When it is found, load the word that contains the end-of-file 
into A and exit. 

Flowchart: 




Transmit First 
Or Next Word 
ToQ 



Transmit One 
Character From 
Q To A 

S 



Is It 
End-Of-File? 



Transmit Word 
Containing 

End-Of-File 
To A 




RT / Last Character 
No/ Of 

i Present Word 



Problem 3 could be solved by coding in the following manner: 



FJL&. 



LOCATION 



0P£RfflOMflO«FBS ADDRESS FIELD 



SS^.."r.Jei2iL^ 



&&a±x^_JfiLi£. 






eputJti . , 



COMMENTS 



ULU?..iJiiJti*-lJUi2.LS. 






Q£L 



jQ,IL 



jtoM&.(fe&i^- 



j2*i^. 



ux$ 



Btik. 



MM^L^ 



lis _ ,.A^ 
ilk A-JiX 



XSL. 



S43L 



_1<2_ 



LaIL. 



fe^,- 



_i/a 



i^jazJtM. 






JM 






.Li-tj.^^ 



\Ah±-£J!MteI££L 



m 






'^JlJZJiJ^JE^MpUiSDS^SS^bJ^U 



. s ; a. .i_..i_J_L.. 



-J.-J....X..J—. I..-J -L-J— i- 



;_!-!_; 
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Student Problem 3A: 

Assume 1000 words of BCD characters with numerous end-of-files (17B) in memory 
starting at address COMPILE Count the number of end-of-files and store it at 
address FILE. 



Flowchart: 



Problem 3A could be solved by coding in the following manner: 



LOCATION 




0PERATK)N.MOOFIERS ADDRESS FIELD COMMENTS 




, 


i i 












...... J | 






, ! ,,..!.,, 






1 i 






i L 






J. L 






! ■ 1 






i- 1 






: ■!,,,. 


. 






• ' , ! 1 i i t 






1 • 1 E ! . 




! i i t i 1 ! : ! i II ii 1 : i ! ; | | ; ■ i i ; | . | | ! | . | , . ^ 


± , j , 




.,,.., | , ,.!,.. 


,,,,,,, 






^ J_l_l 
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GROUP 4 
INDEXING 



GROUP 4 
INDEXING 



1. Index Skip ISK 

2. Index Jump up 



This group of instructions tests the contents of an index register for being a predeter- 
mined value. If it is this value, the program continues. If it is not this value, the 
contents of the index register are automatically incremented or decremented by one 
depending on the instruction. 

These instructions serve a two-fold purpose. First, they can be used as loop counters. 
Second, the same index register can be used as a modifier each time the loop is 
entered. In this way a programmer can process a table in the forward or backward 
direction. 
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The INDEX SKIP Instruction 

The INDEX SKIP instruction is an instruction that compares the quantity y with the 
contents of an index register specified by the index designator b. If the two quantities 
are equal, a full exit is taken with the contents of the index register being cleared. If 
the two quantities are not equal, a half exit is taken with the contents of the index 
register incremented by one. 

Because of the ability of this instruction to half exit or full exit, the COMPASS 
assembler will automatically force this instruction to the upper positionof a memory word. 
It would have no meaning if it were assembled in the lower position of the memory word. 
For this reason the programmer should not use the bank term a (within parentheses) 
or the v index designator, because by doing so, the assembler must force the 
instruction lower which defeats its purpose. 



4-2 



INDEX SKIP 



ISK 



F 
O 
R 

M 
A 
T 



MACHINE 



47 



— i — i I i lL 




J L 



\ 

\ 
\ 
This instruction should not be used as a lower 

instruction 
\ 



COMPASS 



LOCN 



i i i i i i i 



i' i ] I- 1 5 ><■ f < 



\ 
\ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ISJC 



ui^ 



1 1 i/ijifc 



1 ' 1 1 ' 1 ' 



1 1 1 1 1 1 



Function code 



Q | l> | " | " | '« | "|"l"l"l'»l"'l"l'g|»l»|g»|Z»H ' |i«mHl>H'|3?|»>|H|35|3«|17|ia|39|40 | 4i|« 8| 41| << |4ii < 6 l 47|4 l |»»no 



Sr^ 



Optional, index designator. 

Zero or omitted, use no index. 

1-6, compare contents of indicated 

register. 

7, use indirect addressing 

•Optional, operand compared. 
Zero if omitted. 
*, current program address. 
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ISK 



D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



INDEX SKIP* 



FORMAT: ISK 



y. b 



F 
L 
O 

w 
c 

H 
A 
R 

T 




Yes 



Use Lower 
Instruction At 
(P) As Next 
Instruction 




» Clear (B u ) 



Use Upper 
Instruction At 
(Pi + 1 As Next 
Instruction 



♦Forced upper by the assembler 



ISK 



<B U ) = y? 

Yes, clear B and full exit 

No, (B b ) + 1 ^B b and half exit 
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E 
X 

A 
M 
P 
L 

E 
S 



ISK 



PROBLEM: 



Examine the contents of Index Register 1 for being equal to 100. 



SOLUTION: 



LOCN 


OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 


i i i i i i i 




-lil->IAI 1 ! l\0\0\ i \l | | | | , i | | i | , | , i , 


' I* I 3 l« 1= 1« !' !• 


9 


1 

>0|H|l2|l3|l4H5|l6|l?pa|l9j20|2!|22|23|24|25|26|27|2e|29|30|3l 


i 

|32|33|34|35|36|37|3B|39|40|4r | « ? | 43 | 44 | 4 S | 46 | 47 | 4 (J | 4 9 | 5 i 



PROBLEM: 



Examine the contents of Index Register 2 for being equal to 1000 octal 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


_i 1 1 1 1 i 1 




X S|K 1 i 1 1 1 1 ,1,0,0,0,8,^,2. 1 1 


' |2 | 3 |4 |3 |S |7 |. 


9 


1 1 

01N|l2|i3|H|l5|ie|1?|ie[t9|2D|2(f22|23|24|2*i26i27|2B|29|SOIll|32|33|34|35|36|3?)3B|39|4O|4!|42]4J|44|45j4e|4T|48|49iaO| 



PROBLEM: 



Examine the contents of Index Register 3 for being equal to 16000. 



SOLUTION: 



LOCN 



1 1 1 1 1 1.. 



I'l'I'I'I'i'H 



0PERATI0N,M0DIFIERS ADDRESS FIELD 



COMMENTS 



£M 



lISl I I 1 1 



,1,6,0,00, y3 



j j 1 



_j — 1 — 1 1 — 1 1 



■Q|n |<2 j'3|<4 H3|'6M>|<6<l9|2t>|2l|22|23|24|2»|26|27|2.|29|3O|3'|I'|33|34|35|36|37]3«|i9|40!4 , 1 2 | 4 3 , « » | , » , , 6 | 47 | 4« j 49 | SO 



PROBLEM: 



Examine the contents of Index Register 4 for being equal to 3000 
octal. 



SOLUTION: 



LOCN 







i ; i ' i- 1 5 1' j' 1 » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£;S|K, 



L-LI I I I I 



,3,0,0, 0,o,B,,,¥, 



I I I I ! 



I 

>0 l li l lg i' i i t, l' 5 i' 6 i l7 l ie l l9 l go i g Mg7|23j24[2S|26 ! 27|28|29 i 30|3i|32|33|34|35|3e|37|38i39i40)4i|42|43i44|4t|46|47i4B|49i30| 
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The INDEX JUMP Instruction 

The INDEX JUMP instruction is an instruction that compares the contents of an index 
register, specified by the index designator b, with zero. If the content of the index 
register is zero, program control continues to the next instruction. If the content of 
the index register is not zero, program control will jump to address M where M = m 
+ (V V ) and the index register will be decremented by one. 

If the bank term a (within parentheses) is missing, the current operand bank setting 
remains. If the bank term a is used, the current operand bank setting will be replaced 
by the value a. In either case it will not affect (or, cannot jump banks with) this 
instruction. However, it could affect future instructions that reference memory for 
operands. 
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INDEX JUMP 



UP 



F 
O 
R 

M 
A 
T 



MACHINE 



May be an 
upper or 
lower -^ 

instruction 



47 



iHE 



i m . ■ 



2 3 

n — i — i — i — i — i — r 

_1 I I I I I L 



47 



t — i — i — I — i — r 

J I ! I I L 



23 

"~ I — i — r 
5 1 5 < b i 



i m i 



NORMAL 



47 


t 


23 







7 ' 7 ' 

II 


1 II 1 

1 V 1 1 ° PHwIW 


5 1 5 , b 1 


1 l m l 


1 



AUGMENTED 




COMPASS 



LOCN 



iii 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MK 



i i i i i i i 



C& lmLf j ki j i v i 



J I LJ I I L_L 



J 1 I I I 



I 

; [ l|4 |S | 6 | 7 |B|»|iO|m |ia|iS|H|iSp6|l7|/B|l9|;O|2t|Z2|aS|24|25|g6|g7|;8|29|iO|3l|^^)^ 3 |3 4 l ): 'l 16 l a7 l ie l 19 l a0 l <i l 4 g| 4 ^ 44 l <5 l <6 l 47 l 4 8| 49 |5Oi 



Function code 



J 



N-V-'V-V-' 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, index register compared. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



td bit not programmable 
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UP 



D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



INDEX JUMP 



FORMAT: UP 



(a) m, b, v 



M = m + (V ) 



F 
L 
O 

W 

c 

H 

A 
R 
T 




Yes 



as 
Instruction] 
Lower 1 ? 



Yes 



Use Upper 
Instruction 

at M as Next 
Instruction 



Use Lower 
Instruction 
at (P) as Next 
Instruction 



Use Upper 
Instruction at 
(P) + 1 as Next 
Instruction 




UP 



(B b ) = ? 

Yes, continue next instruction 

No, (B b ) - 1 ^B b and jump to M 
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UP 



PROBLEM: 



Examine the contents of Index Register 1 for being equal to zero. 
If zero, continue executing. If non-zero, jump to address LOOP. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



JJIfl 



litZWi.,1 



1 1 x l I I I I I I I I I I I [ 

' ' ' ' ' * ' ' | 6 | 7 l ' l ' l l ° l "[" l "l i « l "l"l'M" l l »l» l "l»l» l »l »"'Si?l»l»H°|3'|32H>|»l»H6 l »rn.| 3 ,|,0,„ | „ | „ | . 4 | 45| „|„, 4 . |49 „ 



6|4?i4fl | a9|5Q; 



PROBLEM: 



Examine the contents of Index Register 2 for being equal to zero. 
If zero, continue executing. If non-zero, jump to address LOOP 
modified by Index Register 3. 



SOLUTION: 



LOCN 



. i i i i 



l'l'l«l»l'|T|« 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



f i Jiff i i i i i i iiiri^ifl., ,a.i5. . , 



I I I ! I I I I I I 



f | " | " l li l l « l "l"l"l"l"l"l"l»g|"|Z«l'»|Z» |i?|81|19|JO|3i |l?|a>|J 4 |15 | 36|JH"|H|«0|«' | « | «1| «♦ | «i| <6 | 4 7 |4. | 4 »|ao | 



PROBLEM: 



Examine the contents of Index Register 4 for being equal to zero. 
If zero, continue executing. If non-zero, jump to the address 
specified in Index Register 5. 



SOLUTION: 



LOCN 



-j — i i i l. 



i'i'^'"""" 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



LIE 



i i i i i i i 



i \i\j\5\ 



' I I I i i i i i i i i i j i i i 

i 



-J — I — I I LJ 1 

° l " l " l "|'» | "l" l "l"l''l'°l"l»|i»l»l»|i«|27|i» m |10HI|Mmn<H5|MU7|M|I9| 4 o| 4 , |4 4 | 4j | 44 | 4i |4«| 4 7| 4t | 4 »H0, 



PROBLEM: 



Examine the contents of Index Register 6 for being equal to zero. 
If zero, continue executing. If non-zero, jump to an address five 
memory locations backward. 



SOLUTION: 



LOCN 



i ; " " " " " " 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



£££_ 



- 1 I I 1 * 1 Pli l "! I I I I I I I I I I I I I I l i 



10 I ii |'Z|'1|'« |"|'«|'7|H|U |SO H i|ia|aiH4|;»|gS|g7|2|muQ|3i |3?|33|I4| a5|3Epr j 3B | 3S| 4 Q| 4 |4g|4a|44|4»|4t|47|4i|4ano | 



NEW CONCEPTS OF GROUP 4 

Introduced here is a concept of "looping". The computer has index registers that are 
used to form address modification for relative addressing. They can also be used to 
determine the number of times a routine is performed. 

The ISK instruction checks a counter (contents of an index register) for being equal to 
a pre-set value. If the two are not equal, the counter is advanced by 1 and a half exit is 
taken, allowing the programmer to repeat the loop. The programmer can use the same 
index register as an address modifier within the loop so that he may process data se- 
quentially. If the two are equal, a full exit is taken. This skips the lower instruction 
and terminates the loop. 

The UP instruction checks a counter (contents of an index register) for being equal to 
zero. If the counter is not zero, it is decremented by 1 and a jump takes place to re- 
enter the loop. If the counter is zero, the next instruction is executed and the loop is 
terminated. 

Also introduced at this time is the * (asterisk) used in the address field in place of an 
address. It means the present value of the location counter. Hardware-wise it would 
mean the contents of the P register when the instruction is executed. * +5 means 5 
memory addresses forward (not 5 instructions). * -10 means 10 (decimal) memory 
addresses backward. 
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Problem 4: 

A table of 100 words exists in memory, but upside down. Write a subprogram that will 
re- arrange the words so that the table is right side up. The starting address of the 
table is TAB. 



Flowchart: 




Problem 4 could be solved by coding in the following manner: 

ADDRESS FIELD C0MME"n7S~ 



S^XTcM 



LOCATION 



MML. 



DPERATtCHMOOlFeS 



«iH.LVLHjjtiai 



J!i±Vt«.l*LLftlitii 



0"JJ.liH..L^.t.?tLP.?-^».i.!ii.*ti.fiLi£.i 



AMj£L- 



Etfr&i, 






Q£L. 



LDA 



LDA. 



-SMtl&A-L-L-. 



jsMJMl. 



.4-i.^jJ. 



X 



Jfl*X 



X£»MiL£LJ^.£J&L^uM&^- 



m^L. 



i 

_l 1: 



jCMt^A^ 



SJJL 









mLLA 



9* 



i 

I 

:.J_..l- 

I 
i. I J 



>t j.e . 



.,j..L.J^ 



\L£^z.^mJz&L,- 



em ; _ i . , _ ,_ - ,., , .- -J. - .. : ^ ^ :- - - - 

Somewhere within this subprogram would also be included the symbol TAB in the 
location field with a declaration of the prestored data or the area reserved. 



Student Problem 4A: 

There exists in memory 30 words of data starting at address SIGMA. Write a sub- 
program that will move the first word to the bottom of the list and move the other words 
up one address. 
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Flowchart: 



Problem 4 A could be solved by coding in the following manner; 



LOCATION 


QPERATION,MODreS ADDRESS FIELD COMMENTS 


1 II ! ) :■« 1 i ■.* ; ! ; . 


.,„,„,„,-,„:.:,,„ j,.„. „,„,=..„.„,„.,..„,..,„„ ,. .,., ... „'., .,,„,„ . , „ .. .. .. ,. 




j 




-!_!_■ .I_LJ_... i -ilJ...... . , j. . j | : : ■ , ■ ■ - _l , , ■ ! ■ • , ■ 








L j . . . , ^ . ) . , . . 1 


h . . . . 


: .-■{■■ :'■■■■ 1 1 i . 


t : i i > > ! 


' ( 1 1 


i > < i ■■ 


I 1 . 


i_ _L = L_l J 


-i ■ j . ■ J\- ^ .J 






^L_ 




,,.,,.. 








1 i i : i i ! 




_1-1 .^ ,.J__ 


_ ^--J_-.^-.^..^~J^..^..J--i~i^~^ 
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GROUP 5 
FIXED POINT ARITHMETIC 



GROUP 5 
FIXED POINT ARITHMETIC 



1. Add 

2 . Subtract 

3. Multiply Integer 

4. Divide Integer 

5. Multiply Fractional 

6. Divide Fractional 



ADD 

SUB 

MUI 

DVI 

MUF 

DVF 



This group of instructions performs the fixed point arithmetic operations on the A and 
Q registers. 

The first four instructions use purely integer arithmetic where the point is assumed to 
be to the right of the register or register set. The last two use purely fractional arith- 
metic where the point is assumed to be just to the right of the sign bit. 
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The ADD Instruction 

The ADD instruction is an instruction that adds a 48-bit operand (from an 18 -bit 
storage) to the contents of A. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial 
contents of the A register are replaced by the sum of the two operands. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, 
the current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is added to the 
contents of A. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand is 
added to the contents of A. 
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F 
O 

R 

M 
A 
T 



ADD 



ADD 



MACHINE 



May be an 
upper or 
lower -K 

instruction 



47 



23 



1 i 4 i b i | mil i 



1 — I — I — I — I — I — T 
J I 1 I l i i 



r" NORMAL 



47 



23 



~l — I — i — I — I — I — T 

J 1 ! I I I I 



: i " i i 

1 1 4 i b » ■ i m - 



COMPASS 




AUGMENTED 



LOCN 



l'l»l«l»|6|7|l 



OPERATfON.MODIFIERS ADDRESS FIELD 



COMMENTS 



/fPiPi ? i(!i/>fi r irti<S-i L^iLgjijjiijaVj 



iiii 



i i i i i i 



| n |ij |H|i4 |D | !6 | IT | IB | IS |2Q|Zi|iZ|;3|Z4|;5|i«|;7|;«|;»HO|3i |M|3J|3«|Ji|i«|lT|3B[J»|40|«i | 42 | ) i | 4 « | 4 5 | « 6 | < 7 | « « | 4 3 | 5 



Function code 



Optional, transmit 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

•Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

* , transmits Instruction Bank 
Register to Operand Bank Register. 



d bit not programmable 
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ADD 



F 
L 
O 

W 

c 

H 
A 
R 
T 



ADD 



FORMAT: ADD, CM, MG (a) m,b,v M = m + (B ) + (V ) 



o 




CM \ No 

*\ Specified' 



Yes 



Yes 



MG 
Specified? 



No 



Yes 



(A) + (M) -A 
* 



M i 



(M) > 0' 



Yes 



No 




WaS \ No ^ 

Instruction r- ="1 

Do w er 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + l As Next 
Instruction 



(A) + (M) -A 




D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



ADD 1) (A) + (M) -A 

2) Contents of M remain unchanged 

ADD, CM 1) (A) + (M) -A 

2) Contents of M remain unchanged 

ADD, MG 1) (A) + |(M)|-A 

2) Contents of M remain unchanged 
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E 
X 
A 
M 
P 
L 
E 
S 



ADD 



PROBLEM: 



Add the contents of address SMALLEST to A. 



SOLUTION: 



LOCN 



J_J I I L I 1_ 



i' i » i ' i» I e I ' i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Mj± 



' i 



SM/U-iLEST, 



I I I — 1 I I I — L_J 1_J I 



' | "l" l "l l «l"l"l'n"l'»l'°l"l»l»l»ia»|g«|g7|i. |;»HO|3i|Mmn < |H l l«H7|3.U > n0|„|.; |<a| . < | 4a | <t | tr|4 ,| <t|i0 



PROBLEM: 



Add the contents of address BIGGEST modified by Index Register 1 
to A. 



SOLUTION: 



LOCN 



j iii 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



#i j iA i i i i i i \BJ&-\&\ES\T\j\i\ 



H I I I I I I I I I i 

I 

' I J I « P l« l T I » l» l'°l" l"l"l l4 l"l"'l"l"l l »l'°l"|g2|g» | a4|Z3|; t |;7| Z>|g »|30 l ai|i ; Hi| J4 | J i| i 6|»7|le|19 |4 |4 ,| 4 ;| 4 i 144 | 45 | 4 6| 4 7| 4 .| 4 9|i l ; | 



PROBLEM: 



Add the absolute value of the contents of address FIND to A. 



SOLUTION: 



LOCN 



i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



&iPi£±jM& i i i .fJiMP. . ■ 



i i i i i i i i i i i i i i i i i i i i i i i i i 

I ' I H« l » l ' .l f l 'l' l '°l' l l '» l " l '«l'»l'«l''M»l'»|i0|»'|8i|»»l»«i;»ii« | 27|a ( |,,| M |ii|, a |, 1 |„ l „n.,„| M| „| 40 | 4l| „ |4i|4t|45|4 . | „ |4 , |4 , |50| 



PROBLEM: 



Add the contents of address NOFIND modified by Index Registers 3 
and 4 to A. 



SOLUTION: 



LOCN 



l» I > l« H H 17 M 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



M^L 



I 

J LJ L_L 



NdFJMP,,,?,,,*, 






i i i i i i i i i i i i 
i 



j i i i i i i 

'"I" l"l l> l' , l"l"l l M'»l'»|2°|Z'|ZZ|23|a»|ii |;«|7.7|21|2« | aii|J, |M |i>|i 4 |H| 3t |i7|Bt|3»| 4 0| 4 i t4g | 4a|44|4> | 4t | 4 7| 4< | 4 9|»0| 



S-f. 



The SUBTRACT Instruction 

The SUBTRACT instruction is an instruction that subtracts a 48-bit operand (from an 
18-bit storage address) from the contents of A. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial 
contents of the A register are replaced by the difference of the two operands. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B b ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is subtracted 
from the contents of A. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
is subtracted from the contents of A. 
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SUBTRACT 



MACHINE 



May be an 
upper or 
lower 
instruction 



SUB 



47 



1.1,1 



23 



15b 



UU L 



m, 



i i i — i — i — r 



J I I I 



J I 



3 



< 



47 



23 



"i — r 

J L 



i — r 

J L 



t — r 

J L 



l 1 5'b 1 



m. 



J I I I L 



NORMAL 



47 t 

7 i 7 i ,i — n — i — r 7 



23 



— I 1 1 

1 ' 5 _l_Lj I L^L 



COMPASS 




AUGMENTED 



LOCN 



i i i i i 



12 I M« 15 l« I' I' 



/-Nr^S 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Sll/lfljlflWlj^gl ,(,A JiTWiji^i^iV 



I I I I I I ! I I I II 



i;|ii|l4|ll | It | I? | IB I 19 |20|Zi|22|ia|24|2i|26|i7|;i|a»HO|ai|«|»|a4|33|M|37|St|a9|<0|4i |4Z|43|4«|«»|46|«7m|4»|50| 



Function code 



Optional, transmit — ' 
complement of 

opercinu 



Optional, transmit 
magnitude of 
operand 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



tA V. 



it not programmable 
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SUB 



F 
L 
O 
W 
C 
H 
A 
R 
T 



SUBTRACT FORMAT: SUB, CM, MG (a)m,b,v 



M = m + (B b ) + (V V ) 



O- 



Yes 



Was 
>\ Instruction 
Lower? 



Yes 



No-, / MG 




Specified? 



No 



Yes 



(A) - (M) -A 



M 1 



(M) > 0? 



Yes 



No 



o 



No 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction \t 
(P) + l As Next 
Instruction 



(A) -(M)- A 




D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



SUB 1) (A) - (M) -A 

2) Contents of M remain unchanged 

SUB, CM 1) (A) - (M) -*A 

2) Contents of M remain unchanged 

SUB, MG 1) (A) - |(M)| -*A 

2) Contents of M remain unchanged 
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SUB 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Subtract the contents of address MIN from A. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




S\U\B\ I i i i i i iMiXiNt i i i i i i i i i i i i i i , | i i i | | 


. | 2 | 3 | 4 |S | 6 | 7 | a 


9 


i i 

10 |n |I2 |I3|i4|I5 I"l"l'» |l»|JO|!t|22|M|I«|M|H|*7|81|J»|30|3i | 32 | 3 3 | 34| 35 | 36 |3 7 | 3« | 39 | 4 | 4 i 4 2 | 4 J [ 4 4 | 4 5 | 46 | 47 | 49 | 49| 50 | 



PROBLEM: 



Subtract the contents of address MIN modified by Index Register 3 
from A. 



SOLUTION: 



LOCN 



i i i i i i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Sit/ t g ii*fiJiViji7i 



i i i i i i i i i i i i i i i i 



| 2 | 3 | 4 | 5 | 6 | 7 | fl | 9 [ 10 [ n |'2H3|l4|l5|l6|l7|lS|i9|2O|2l|22j23|24|2S|26|27|2a|29|3O|3l|32|33|34|35|36|37|3a|39|4O|4i|42)43|44|45|46|47|4e|49 | 50 | 



PROBLEM: 



Subtract the absolute value of the contents of address TOPS from A. 



SOLUTION: 



LOCN 



i i i i i i 



'I'" 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SU.gj.HiC TdPS 



I I I I I I I I I I. J I I I I I I I I I I I I I I I I 



I I' I 12 I 13 I 14 I 13 | 16 | If .. | 19 |20|2I|22|23|24|2S|26|27|2»|29|30|3. | 32 | 3 3 | 34| 35 | 36 | 3 7 | 38 | 39 | 40| 4 i 42 | 43| 44 | 4 5 | 4 6 | 4 7 | 4 g | 49 | 50 | 



PROBLEM: 



Subtract the contents of address SPOT modified by Index Registers 
3 and 4. 



SOLUTION: 



LOCN 



i i i i i 



OPERATION MODIFIERS ADDRESS FIELD 



COMMENTS 



SVP l5,P,<ar v 3, r «y , 



i < ' ' i i ' i ' i 



_J I L_l_l 1 L 



' i 2 ! 3 l < f l 5 [ 6 l 7i> i 9 l l0 l N l | 2|'3['4|'5|i6|l7pe|l9 | 20|2l|22|23i24|23!26|27|2B129|30|3i;32|33|34|35|36|37|39|39|40|4'|42|4i|44|45|46|47|4e|49|5 
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The MULTIPLY INTEGER Instruction 

The MULTIPLE INTEGER instruction is an instruction that multiplies a 48 -bit operand 
(from an 18-bit storage address) by the contents of A in fixed-point format. One 
memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial 
contents of the QA registers are replaced by the 96-bit product of the two operands. 
The point is assumed to be to the right of A with sign extended through Q. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is multiplied by 
the contents of A. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
is multiplied by the contents of A. 



5-10 



F 
O 
R 

M 
A 
T 



MULTIPLY INTEGER 



MUI 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



i — i — r 
jJll" 



23 



2 i 4 , b i | | mi [ 



i i i i i i r 
j i i i i i i 



< 



47 



23 



T 1 — I — I — I — I — r 

J I ! I I I L 



2 i 4 . b . 1 l 1 ^ ■ 



NORMAL 



47 t 

J 7 i,i — n — 1 — r~r 



23 



9 I I, I 

2 I 4 l b I I L™J_ 



COMPASS 




AUGMENTED 



10CN 



1 1 1 



I M 3 I ♦ I ' I « I ' I ■ l» l'Q|" I" l'» 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



flit/L.ig/fi ..Mifr lC*J iTHijii-,,^ 



I I I I I ! I I I 



III L 



I I I I I 1 



I I 

*| | S|'6|i7|lB|l9|20|Zl[;;j2S|Z4|g5|g6|g7|aB|29|lQ|3l|i2|3a|34|35|36|37|3B|39|40|4 l |4?|43j44|45|<6|47|4B|»9 | 50| 



Function code 



Optional, transmit - 
complement of 
operand 

Optional , transmit 
magnitude of 
operand 



•Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

•Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 

RpcriHttai" ir\ Ot-i o v o n H Hinl/ TJ^>^i^+^« 



t 



d bit not programmable 
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MUI 



F 
L 
O 

w 
c 

H 

A 
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T 



MULTIPLY INTEGER FORMAT: MUI.CM.MG (a)m,b,v M - m + (B ) + (V ) 



£} 




CM \ No 

Specified? 



MG \ No 

Specified? 



Yes 



Yes 



(A)(M) -QA 




(M) > 0? 



Yes 



No 



o 



(A)(M) - QA 



Was 

Instruction 

Lower? 



No 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Yes 



Use Upper 
Instruction At 
(P) + l As Next 
Instruction 




D 
E 

S 

c 

R 
I 
P 
T 

I 
O 

N 



MUI 1) (A) (M) -*QA 

2) Contents of M remain unchanged 

MUI, CM 1) (A) (M) -QA 

2) Contents of M remain unchanged 

MUI, MG 1) (A) |(M)| -QA 

2) Contents of M remain unchanged 
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E 
X 
A 
M 
P 
L 
E 
S 



MUI 



PROBLEM: 



Multiply A by the contents of address SUR. 



SOLUTION: 



10CN 



i i i i i i 



I ; I i I - I ' I * I 7 ] « 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MKIT 



i$m 



I I I 1 I I lOMlft II I I l l i l 



J LJ II 



I I 

"|H|"l"l l «l"|il|l»|2°|ei|aaH »|i4m|g t |?7|8»muoni |3I|3»j»<m|3«|»THau»|«0|4, |«Z|<l|<4|45|46|4r|4 l |»t|»Q| 



PROBLEM: 



Multiply A by the contents of address PETE modified by Index 
Register 1 . 



SOLUTION: 



LOCN 



i i i i i i i 



'I'l'ini 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MUL 



i i i i i i i 



PAT&yj. 



' i i i i i i i i i i i i i i i i i i i 



i i 

"I" l"l'»l'4|i» l'«l'f !'■ |U|2°| i'|»H»H4|M|8«|aT|;t|HHO|ll U2|J»H4|15|je|a7|M|i»|40|4i |4i|43|44|45|4«|4T|41|4»HQ| 



PROBLEM: 



Multiply A by the absolute value of the contents of address JACK 
modified by Index Register 2. 



SOLUTION: 



LOCN 



i i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



faU &y fl fr i i i iJ^CKjJ 



1 — ! I I I I LJ ! I I I I I I 



1 * I ' I 4 I ' I ' l T l« I * ['°r l l l 'l l3 l l 'l'»l''l''l''l'»l"l''l«ai2»l2 4 |»|i«|;7|; < |M| 1 onin; |3 a | .. | i,| M n T | M| „ |<0 | < , |4 , |4 , |44|<>|<t| „ |4 . |4t|!|0| 



PROBLEM: 



Multiply A by the contents of HOMER from the bank where HOMER 
resides. 



SOLUTION: 



LOCN 



i i i i i i 



" ' "* " " " " 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



UML 



i*i i i i i i i i 



Qji^A^MAi 



i i i i 



i i 

10 '" l"l"l' < l"l l «l"l"l">|Z°l"l " |;i|i4|;i|; i |7r|;i|;»no |1 i| ] z|3>| J 4|i>|»e|ir|i8|H|40|4, |4; |4i| 4 , |, 5|4 t|47|4 t | 49,50 
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The DIVIDE INTEGER Instruction 

The DIVIDE INTEGER instruction is an instruction that divides the contents of QA 
by a 48-bit operand from an 18-bit storage address in fixed-point format. One 
memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial con- 
tents of the A register are replaced by the quotient of the two operands. The initial 
contents of the Q register are replaced by the remainder of the operation. 

The 18 -bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand from memory is 
used as the divisor. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
from memory is used as the divisor. 
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F 
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DIVIDE INTEGER 



DVI 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



' 5'b' 



J I L 



m 
J I L 



1 — I — I — I — r 
J I i I L 



J L 



< 



47 



23 



i — i — i — r 



J I L 



2 ,5 



i — r 
, b 



l I liiil 



NORMAL 



47 



t 



23 



t~t~i — — r 



t .t 



7 7 1 v d a i x i l 

II III |7|6|5|t|3|2|l|0 



2 T T r T r 



J I L 



m 
J L 



AUGMENTED 



COMPASS 




LOCN 



i z i ' i ' i» i « i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



nvj.-tCM^/l,^ i fi<tji*i ? i&ijivi 



J LJ LJ_ 



J_J I 1 I LJ 1 I I I I I I 



li|i;|ii|;4|i5it6|ir|ie|l9|20|gllZ2|Zl)2<|gS|26|Z7|2a|29|3O[^|32|j^l34|35|i6 1 37|38|39|a0 | A;4?j4i|44|ai|<6|47|4B|a9|i0i 



Function code 



Optional, transmit ' 

complement of 
operand 



Optional, transmit- 
magnitude of 
operand 



■Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

•Optional, base address. 
Zero if omitted. 
*, current program address. 

•Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 

T?p» cri Qtf^r 1 tn OnpranH Rani: RprriQtpr 



t 



d bit not programmable 
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DVI 



F 
L 
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w 
c 

H 
A 
R 
T 



DIVIDE INTEGER FORMAT: DVI, CM, MG (a) m, b, v M = m + (B ) + (V v ) 





Was 

Instruction 
Lo wer? 



No 



Yes 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



No ^ 


(QA)/(M)- A 




REM. -* Q 


\ Yes 


A 




(QA)/(M)-* A 

RKM. - Q 




D 

E 

S 

c 

R 
I 
P 
T 
I 

O 
N 



DVI 1) (QA) / <M) -*A, Remainder -»Q 

2) Contents of M remain unchanged 

DVI, CM 1) (QA) / (M) -A, Remainder —Q 

2) Contents of M remain unchanged 

DVI, MG 1) (QA) / |(M)| -*A, Remainder **Q 

2) Contents of M remain unchanged 
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E 
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S 



DVI 



PROBLEM: 



Divide QA by the contents of address DIVIS. 



SOLUTION: 



LOCN 



i i i i i. 



I 2 i a i 4 | a i t i > i » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Pita 



J I I I I I I. 



Pilots, 



'i ii iii i i i i i 

10 | m | l = | ls l l, l l5 l"l"l"l"|2°l"l='l"l'-|3S|;» l ; 7 |;.|;»|30|3in;| 3 i|3,u 5 n 6|3 ,n,|„ M0|< , [4; |4J|44 |45|4 . |47|<>| <> | >e | 



PROBLEM: 



Divide QA by the contents of TRAVIS modified by Index Register 3. 



SOLUTION: 



LOCN 



i i i i 



UJ 1| « I * I « I ' I » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



P,VS, 



i i i i ]T|/?i^i/|Ii5i ? 3i i i i i i i i i i i i 



I I I I I I 



"I" l"l | J|' < l"l"l"|H|H|2°iai| ai|»n»i»iat|g7|;i|z»|iii|ii|iam|3<|a»|M|jr|M|Hi«oni l 4i|4 i |44|»»|4»|47|« 1 |«» | »o | 



PROBLEM: 



Divide QA by the contents of the address specified in Index Register 
4. 



SOLUTION: 



LOCN 



. i ii) 



I'i'i'i' I'm' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



p.y.fi 



i i i 



^ 



i i i i i 



'iii' > ii 



'0|" l"l"l l, l"l l «l'H'»l'»iae|;i|; a | »|i4m|l«|8T |;a|i.|3O|lln;U3H < |3»|M|aT|M|S.|40 | 4. l 4g|4J|44|45|4.|47|4||4.| 8 , 



PROBLEM: 



Divide QA by the contents of address GUBER from the bank that 
DVI is in. 



SOLUTION: 



LOCN 



' 



(OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



oxx. 



I I I I I I I . 



\(j*\) iG\Ux&£& i i ■ 



i— i — i i i i i i i i i i i i i i i i i i 



| I | 4 | 3 | 8 | 7 | « | , il |ii|H|.4|i»|i«|i7|.« l ll |i0|Zi|; 2| Z3|i4|H|;e|i7|;«H» | 3O|3i|3Z|3l|34|3»|3«|37|3»|3»|40|4. [47 | 43 | 44 | 4 ; | 4 t | 47 | 4 1 ] 4 j> | , Q 
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The MULTIPLY FRACTIONAL Instruction 

The MULTIPLY FRACTIONAL instruction is an instruction that multiplies a 48-bit op- 
erand (from an 18 -bit storage address) by the contents of A in fractional format. One 
memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial con- 
tents of the AQ registers are replaced by the 96-bit product of the two operands. 
The point is assumed to be to the right of the sign bit in A with the fraction extended 
through Q. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is multiplied by 
the contents of A. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
is multiplied by the contents of A. 
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MULTIPLY FRACTIONAL 



3 



MUF 



MACHINE 



May be an 
upper or 
lower -<( 

instruction 



47 



2 ! 6 ! b l ■ ■ "*■ 



23 



"i i i — i — i — i — r 
j — i i i i i i 



47 23 

i i i i i — i — r 



> NORMAL 



J — l 1 I I i i 



2 !6'b ' 



■ " ■ ' ' m ' 



AUGMENTED 




COMPASS 



i ' i i i i 



I ! | J I 4 | 5 I E I 7 I I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ttit/FijigiMi ? iMigi ifntJiTHiji^^v, 



i i i i i i 



i i i i i 



i i i i 



i i 

"I" l'»l"l l «|H|"l"|n|H|ieni |Z8m|g4i»»i;«i;r|;imno|ii|MH»n < |3a| 3t| iT|3e|3»i«oni |4g|«3|«<|4ai<«i47|4 ) | < » | 50| 



Function code- 



Optional, transmit - 
complement of 
operand 

Optional, transmit - 
magnitude of 
operand 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Kegister to Operand Bank Register. 



t 



d bit not programmable 
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MUF 



F 
L 
O 
W 

c 

H 
A 
R 
T 



MULTIPLY FRACTIONAL FORMAT: MUF.CM.MG (a)m,b,v M - m + (B ) + (V ) 



o- 




CM \__N_o . 

Specified? 



Yes 



Was 

Instruction 

Lower? 



Yes 



MG 
Specified? 



No 



(A)(M) -*AQ 
* 




Yes 



(M) > 0? 



Yes 



No 



JL 



(A) (M) -AQ 



JSc_ 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 




D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



MUF 



MUF, CM 



MUF, MG 



1) (A) (M) -*AQ 

2) Contents of M remain unchanged 



1) \j\) (M) '♦AQ 



2) Contents of M remain unchanged 

1) (A) |{M)| -AQ 

2) Contents of M remain unchanged 
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MUF 



PROBLEM: 



E 
X 
A 
M 
P 
L 
E 
S 



Multiply A by the contents of address PYLE. 



SOLUTION: 



10CN 



i i i i i i 



|2|)|4|5|«|7|« 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



.thU£ 



i i i i 



i i i \PtYiLi£i i .1 



i i i i i i i i i i i 



'° l " l " l " l " | " | '«|" | l«|'» | » | »l|M|»|«4|MH«HTH t |»UO| , . |M |»m| M | M |„ |M |„| 40 | 4 ,,. 8| „ |t4| „ |t , | . 7|<t|< , |>()| 



PROBLEM: 



Multiply A by the contents of address PIKE modified by Index 
Register 2. 



SOLUTION: 



LOCN 



i i i i I i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MMf \p,lX£, y J, 



L ' i i i i i i i i [I,, , 

| » | 5,4,8 | « | T |' | » | '° | '' | l 'l l »l''l'»l'«l''l'l|'«|i»l»'l"l»|»4|.»|»« |,7m|l.U0|ll| M |HH 4 | M | M HT l M|„| 4 ,| 4 i, 42 | 4 ,| 44 |„| 4 , |4T | 4 , |4 „,„ | 



PROBLEM: 



Multiply A by the contents of the address specified in Index Register 



SOLUTION: 



LOCN 



i i i ' i i ' 



|»|i|4|»H|T|| 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MWifi i i i i i i i ? i?i i i i i 



i i i i i i i i i i 



i i 

l0 l" l " l " l l «l" | '«1"|"l"l"l"l»l»4H4|M|»|,TH.|»|,0| „| M | I> |, 4 | W | J . | „ |M| „| 40|4 , | „ |4a|44|45|4t|<7|4<|tt|t0| 



PROBLEM: 



Multiply A by the absolute value of the contents of address MOOSE. 



SOLUTION: 



LOCN 



i i i i i i i , 



l g I ' I « " I « I > I « 



OPERATIONJODIFIERS ADDRESS FIELD 



COMMENTS 



mh^Mi 1 1 1 lAf.fo.&g 



I I I I I I I ! I I I I I I I I I I i I I I i i i 

1 I 

" l " l"l"l' , l"'"l l7 '"' l »'""""|»l»4H»H«H 7|a»|?»|iO|>i|J2|»|J4|M|3» | 3?|Mm L 40|4i | 42 | 4 3 | . 4 | 4 i | .6 | 47 | 4 , I . 9 | , Q 
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The DIVIDE FRACTIONAL Instruction 

The DIVIDE FRACTIONAL instruction is an instruction that divides the contents of 
AQ by a 48-bit operand from an 18-bit storage address in fractional format. One 
memory reference is made. 

The operation leaves the contents of the storage address unchanged. The initial con- 
tents of the A register are replaced by the quotient of the two operands. The initial 
contents of the Q register are replaced by the residue of the operation. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand from memory 
is used as the divisor. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
from memory is used as the divisor. 
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DIVIDE FRACTIONAL 



DVF 



MACHINE 



- 47 

r ' — LL I 



23 



May be an 
upper or 
lower K 

instruction 



2 i 7 i b . 



i m . ■ 



"i — i — i — i — r 
j i i i I L 



47 



23 



t — i — i — i — i — i — r 

J I ! I I I L 



— i — i — r 

2 , 7,b 



J L 



m 



J L 



NORMAL 



47 



t 



, i _ i : i — n — i — rr 

7 1 7 1 ' i v i d i ° pfeiW 



23 



2 ItV 



COMPASS 




AUGMENTED 



LDCN 



' ; ' 5 l 4 " I 6 ' 7 l'l»l'Q|" I'il'J 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



PiViFi, iCi/f. ? /f,6i i ^iQ i7>n ,i^i , i v 



i i i i i i i i 



i i 

tli5|l6|l7|lB|l9|20|2l|Z2|23|Z4|25|;6|Z7|;8|g9|3O|3l|3g|3S|34|35|36|17|36jl9|40|«i|4?|41|<4|43|<6|4714el«9|5O| 



Function code ' 

Optional, transmit - 
complement of 
operand 

Optional, transmit- 
magnitude of 
operand 



"Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t 



d bit not programmable 
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DVF 
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DIVIDE FRACTIONAL FORMAT: DVF,CM,MG (a)m,b,v M = m + (B b ) + (V v ) 




G> 



CM 
Specified'' 



No 



Yes 



'Was \ 

Instruction!- 

vLower? / 



No 



Yes 



MG 



Specified? 



No 



Yes 



(M) > 0? 



No 



o 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



(AQ)/(M)- A 
REM. -Q 




Yes 



Use Upper 
Instruction At 
(P) + l As Next 
Instruction 



(AQ)/(M)- A 
REM. -Q 




D 
E 

S 

c 

R 

I 
P 

T 
I 
O 

N 



DVF 



DVF, MG 



1) (AQ) / (M) -A, Remainder -*Q 

2) Contents of M remain unchanged 



1) (AQ/ / vM; **A, Remainder ~*"Q 

2) Contents of M remain unchanged 

1) (AQ) / |(M)| -*A, Remainder -Q 

2) Contents of M remain unchanged 
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S 



DVF 



PROBLEM: 



Divide AQ by the contents of address DIV. 



SOLUTION: 



10CN 



i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



M£ 



i v i n i i i i i i i 



p.rVi 



i ' i i i i i i i i i i i i i i i i 



I ' I ' I * I ' I * l T I ' l» l">l" l"l"l' < l"l"l'H"l'»|Z0PMgg|Z3|e < |; 5 | ; «i;7|;.i;,|)o|ii|i Z |, a | a< |,i|, 6 | I ,| SB|: ,, | „| <l |„ |4a|44|< , |46|47|) , |49|a(1 



PROBLEM: 



Divide AQ by the contents of JAKE modified by Index Register 5. 



SOLUTION: 



10CN 



i i i i i 



|2|3|4|3|«|7|» 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



MiL" 



i i i i i i i i 



Juflifcifcij i57 



i i i i i i ' i i i i ' i 



io I ii |H|"|n|'»l'«|iT|H|ii|io|8i|g»i»a|i»mi»«n7|;imiae|»i|M|a»|3< l i5|MH7|3aim«oi«i |. ; i.»i'< I';i<6|.t ., , .in 



PROBLEM: 



Divide AQ by the contents of the address specified in Index 
Register 4. 



SOLUTION: 



LOCN 







'I'n 'nit 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



P'V'fi ' i jiVi 



. I I I I I I I I I I I I I I I I I I I I I I 



" I " l " l l3 l ' , l l »l"i IT i"i'»ii°i"i'»mi»4ii5 ^«n7mmnoii l |iamii <l u| M u T|31|1 , |)0|4 , l<i|<3|44|4> , 4t|4T|41 , 4t|J , 



PROBLEM: 



Divide AQ by the contents of address PORKY modified by Index 
Registers 2 and 3. 



SOLUTION: 



LOCN 







" " >' " " " " 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



DM* 



_lj i i i 



iP^fcy,^,. j 



i i ' i i i i i * ' ' i I i i 



■°|" I' 2 l'»l' < l"l'«l"l'»l'»|gO|a'|?2H»|Z«|M|»l|iT|;«|i»|30|3i |32|3»|»4|M|M|37|l«m|40|4i |4;|«l|44|41|4«|«7|4t[4»HQ 



NEW CONCEPTS OF GROUP 5 

The instructions in this group operate on two types of operands - integer and fractional. 
The ADD, SUB, MUI, and DVI instructions operate on integers only. The MUF and DVF 
instructions operate on fractions only. Each set must be kept separate and distinct. 
Let's first discuss integers. 

INTEGERS 

Integers are the counting numbers 1, 2, 3 . . . in the positive direction and -1, -2, -3. . . 
in the negative direction with as the origin. In algebra we represent these numbers 
on a number scale as such: 



5 
4 
3 
2 
i 


- 1 

- 2 

- 3 

- 4 

- 5 

The range in both directions is unlimited. From algebra we also know that +2 is great- 
er than - 5 . 

On the computer these numbers are represented in binary. But binary is very difficult 
to read and very cumbersom to work with. Since binary expands easily to octal, we 
will use octal representation to illustrate the format and the range of the numbers. 
The format for integer numbers has the sign of the number in the most significant bit 
position and the rest of the positions giving the actual number. For positive numbers 
the correspondence between the algebraic notation and computer notation is as follows: 
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Algebraic Notation Computer Notation 



4 =>04 

3 >03 

2 >02 

-L >01 

>00 

The range for positive algebraic numbers is to infinity. The range for the positive 
numbers on the computer is as much as the 48-bit word can handle. In octal the maxi- 
mum number is 37 S*>7. If we add 1 to this number, the number turns negative 

(40 > 0) which is an incorrect answer. When an operation occurs in which the result 

exceeds this maximum count, an "overflow" condition results which is interruptible . 
This is termed Arithmetic Overflow Fault . 

The computer also allows negative numbers. Here is a comparison between negative 
algebraic numbers and the computer representation. 

Algebraic Notation Computer Notation 

>0 

_1 7 =>76 

_ 2 7 >75 

-3 7 >74 

_ 4 7 >73 
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The smallest number represented on the computer is 40 — X). The number 7 > 7 

on the computer is termed "negative zero" . This number will not result from an add oi 
subtract operation, except for a special case, since l's complement arithmetic is used. 

What we mean by this is that if 1 is added to 7 > 76 the result will be ^ just 

as should be in algebra. 

An important concept about relating the algebraic and computer numbers system is the 
talk about "complementing . In algebra the complement of a number is the number wit! 
its sign reversed. A + 5 complemented is -5. A -30 complemented is +30. In the 
computer it means, "for every 1 bit change to 0, for every bit change to a 1", The 

complement of > 04 is 7 >73. The complement of 7 3* 763 is 3* 014. 

Try it yourself on the following table and make sure you understand the relationship 
between algebraic numbers and their computer representation. 

Algebraic Notation Computer Notation 

37 >77 



3 >03 

2 5>02 

1 >01 

5>00 

-1 7 >76 

-2 7 >75 

-3 7 =>74 



40 >00 

The instructions ADD, SUB, MUI, DVI operate on these integers and will yield the 
corresponding algebraic results. 

Now let's look into fractions and their computer representation. 

FRACTIONS 

If you understood the integer representation of numbers, then fractional representation 
should not be difficult. Fractions are numbers from up to but not including 1, both 
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positive and negative directions. In algebra we can represent these numbers on a 
number scale as such; 

.3 

.2 

.1 



-.1 

-.2 

-.3 

The machine format again has the sign of the fraction in the most significant bit position 
and the rest of the positions giving the actual fraction. The point is considered to be 
between bit positions 47 and 46. For positive fractions the correspondence between 
the algebraic notation and computer notation is as follows: 

Algebraic Notation Computer Notation 



.3 octal 140 S>0 

.2 octal 100 5»0 

.1 octal 040 >0 

000 >0 

The computer notation may seem strange at first. But the representation is correct. 
Consider . 1 octal: 

1 . .1 octal = . 001 binary 

2. . 001 binary = 0. 001 binary 

3. 0. 001 binary = 040 ^-0 octal (regroup) 

The computer also allows negative fractions. Here is a table representing a comparison 
between the two systems. 
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Algebraic Notation 



Computer Notation 



.3 octal 



.2 octal 



.1 octal 



-.1 octal 



-.2 octal 



-.3 octal 



->0 



-5*0 



140- 
100- 

040 >0 

000 >• 

737 > 7 

677 > 7 

637 >7 



The negative computer fractions may seem strange and you may wonder how they were 
arrived at. As a helpful aid in understanding the negative conversion, keep in mind the 
principle used to convert negative integers, and then note how the above negative frac- 
tions are complements of their positive counterparts. 

FAULTS 



What computer faults can result from the execution of any of the six instructions within 
this group? 

Instruction Possible Fault 



ADD 



SUB 



Arithmetic Overflow Fault - adding two positive oper- 
ands where the result ex- 
ceeds the maximum positive 
limit, _or adding two negative 
operands where the result 
exceeds the maximum nega- 
tive limit. Adding a positive 
to a negative operand will 
never yield overflow since 
the answer will move closer 
to zero. 

Arithmetic Overflow Fault -subtracting a negative oper- 
and from a positive operand 
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4. 



MUI 



DVI 



and the result exceeds the 
maximum positive limit, or 
subtracting a positive oper- 
and from a negative operand 
and the result exceeds the 
maximum negative limit. 
Subtracting operands with 
like signs will never yield 
overflow . 

No possible fault since the product of any two operands 
will fit into a 96 bit register (QA). 



Divide Fault - 



MUF 



DVF 



dividing by zero or a divi- 
sion where the dividend so 
exceeds the divisor that the 
answer is not capable of fit- 
ting into a 48 bit register (A)- 

No possible fault since the product of any two operands 
will fit into a 96 bit register (A<qj). 



Divide Fault - 



dividing by zero or a divi- 
sion where the dividend is 
greater than or equal to the 
divisor. Here the result 
would be greater than or 
equal to 1 which is illegal 
in fractional format. 



All faults mentioned are computer interruptible. 



5-32 



Problem 5: 

3X- 2 Y 
Evaluate Z as close as possible if Z = 4Y-X where X and Y are integers whose absolute 

values are less than 500. 



Flowchart: 




Form 4Y-X 

And Store 



Form 3X-2Y 



Divide 
3X-2Y 
By 4Y-X 



Store Result 
At Z 




Problem 5 could be solved by coding in the following manner: 



LOCATION 


DRERATMiMODIFERS ADDRESS FIELD 


COMMENTS 




. pi;, i. ii ii ,, . 


i 


i 




1 L 


XnSt^i3L __,_-____. . ____. , , , ! " ~~ 


, ; 


arai. , . , . i_y.a , , ,.,....... 


i 

-_L_L____, ..J-.. .._. __I _ __________ 




QErfZS . . 


_E£_U..____J_, _______._, ,_ LL _ 


l.lllllll , , 




c^a/i 


-Q-£. __ ___._fc____ t __.,._.. 


1 ~" 




CpA/j, , , 


fi^Q. .^.^^l.i j. 


1 

, , 1 , i : 




atot . . , 


.b__5^_ 4u.,,^,^ ,., , , ^, . , i J ~ ^ 




-L&A- -If 


1 




-_m__.,_L________g/»A _^, ^ 1 


-.1 ! 1 i ' 


_S<-fi ,,,.,>,,,., , _ 


___ __£_____-_, . _ _, 




1 i 


.__Ea______ .-Jdil-Js _ 


1 




-..J-.1 .1 !_i — . I 


-U--L,.: ■ __, 12S-... .... 


1 — '"■■"- 

I ' L.J^.J_: _1 ■:■■,. I 







.aai: . , :_____4__& ____.___. .,.,,,. 


1 

_L ■■ u_ii. i_j __ ,, ■ ii j , • i i i 




_ LJ _ A ^ u 


=1..^,.^..^^, .._._. 


1 - J '- LJ - J - J - ^ - LiJ - l -'- 1 - L 

1 i JL ;_. I ■ . .. ■ . j. , ■ | L 1 ■ ■ ■ 




_-_i , i 


>u& !V 


,. isXri-L -. , .__ , ,_, , . ■-_., I 




— i. L ■ ,.- ! J.___...j 


.^IP^i, , i , faTzM _, 


. , !&X77£3i/o ...,.,,,,,.,,, 




i i ! 1 / ! i 


._&«_______ i__-<3_____ ., i ai 


iS-SS^: . ^ , 




I i i i i i 


.5A0T, __, .j. Jp-i,l/_ i 


.._ fiP4^£r}\ _. , , 


—-_.—_.. 


S____£_L . 


.£_-_?._ ..... .-_-_____., ,^ 1 _ lJ ^, _,_,. , . 


-i3.i_.-i ..I . . . . 




fill/.. ....... 


.Q^__l__. ,J__Zi_IS.__ t . ._, , . 


— p- J - J - J '- 1 - '-■■■ - ------ 

' .-I ; i j. i_ . • 


_-___-__-_.____ 


. i .. ; _.„. : ... ; ...j__j. ... 


.s/y_\ _...__ _.=_L_______ : .,„_,. 


1 

L, -.. , _ _. _ - . i ■ ■ i , , ■ i_i 


5A-I" • , , , £l/>R . 


1 -.._-___. 




--.. _■______ _£*/____, ^ ,.^L^,^ 


1 " - t - L - J ^ L ! - 





Somewhere within this subprogram would also be included the symbols X and Y in the 
location field with a declaration of the prestored data or area reserved. 
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Student Problem 5A : 

Evaluate W = 3R ~ S * 5T +1 if R, S, and T are integers whose absolute value is less 
than 100. 



Flowchart: 



Problem 5A could be solved by coding in the following manner: 



LOCATION 


3PER*TK3N,HOOIFeS 


ADDRESS FIELD COMMENTS 






»»>■»». aini.j. : „«.. . » ^ > ,.j«L •> ' nuu« e i;i»»,.i.. l ..-i.i».»n'<'»«-i-i'i- l -i'i'«iaiM 






| , , 




1 . . _[_ . . . _,_ , . , - - i_ i_l ' • i_LJ ' ■ ii J J. 








j ■ J ■ , • , , ■ j. ■' 1 j. l_l 1 _L X-i_>^-i ■ 




j j ::.::.. i_, i L ... i- 1 ; 




| j L . . . , j . , = { j 




| 1 ' 1 : 1 'J i j X i 




' ' '_l _i_ l_l ■ i_ Li 


J ... , ^ _, . . 






J_ . . ^ j_ . . . , _ ^ ...J_.I._ . .i_l_L._L...J_.i_.i....i 1 i-_l._ 




1 j , __^ 1 _ i __J L 




1 - 


-i.-,- - ' ..._.....; .. .... ; j- .-, - ...:.-: -., - ^. ■-:--...-..•- : -L..-....^., _,...!. l_L_.__ ^._:._. . 












. ■ . , ■ ■ . , 1 ■ , , j ,_j - ■ ■ = 1 ■ | = ■ ■■ 1 . i ■ ! i 1. : 1 ' i i 








1 1 ,_■ ■ ■ ^ ' J- J 






[ _ _ 




1 1 i MI . . . . 






, , . 1 , . ^^ _j_ 












, . . , j . . . , , ■ ■ t , i i 1 
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GROUP 6 
REPLACE OPERATIONS 



GROUP 6 
REPLACE OPERATIONS 



1. Replace Add RAD 

2. Replace Subtract RSB 

3. Replace Add One RAO 

4. Replace Subtract One RSO 



This is a group of instructions that adds or subtracts a quantity from a storage address. 
The same result left at the storage address also remains in A. Two storage cycles are 
required for each instruction. 

The first two instructions add or subtract the contents of A from the contents of the 
storage address. 

The last two instructions increment or decrement the contents of the storage address 
by one. This result remains in A. The initial contents of A are not used and are de- 
stroyed by these instructions. 
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The REPLACE ADD Instruction 

The REPLACE ADD instruction is an instruction that adds a 48 -bit operand from an 
18-bit storage address to the contents of A and returns the result to both the A register 
and the storage address in memory. Two memory references are made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is added to the 
contents of A and the result returned to both the A register and the storage address in 
memory. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
is added to the contents of A and the result returned to both the A register and the 
storage address in memory. 
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F 
O 
R 

M 
A 
T 



REPLACE ADD 



RAD 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



„ l„ h I 
7 !°l b I 



23 



m 



J L 



1 — I — I — r 
J I I L 



t r 

J L 



-< 



47 



23 



t — r 



i — i — i — r 



j i ! i i i L 



^"^T 



i m i 



NORMAL 



47 


t 




23 







1 1 


' u 


' . t ,t 

|Tp|5|4|3|2|l|0 


7|o; b | 


i .m, 


1 



AUGMENTED 



COMPASS 




LQCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 


1 1 1 1 1 1 ! 




RAiDi-,iCiMi )tMiG\ i (1*1/ iMniii* |V| 1 1 1 1 1 I 1 1 1 1 1 1 111 


i |!|3|.|5|6|?|« 


9 


IO|iip;|i3|i4|IS]i6|i7|l8|l3|20|2l|22[2J|Z4|ZS|2«|Z7|2e|J»|30|3 


1 

1 | J2|33j 34(35|36 |3 7-| 36 |J9j40|4' |42]4J|*41*5|46|47|*e[49|50| 



Function code 



Optional, transmit 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Ooerand Bank Repister. 



' d bit not programmable 
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RAD 



F 
L 
O 

w 
c 

H 

A 
R 

T 



REPLACE ADD 



o- 



FORMAT: RAD.CM.MG (a)m,b,v M = m + (B b ) + (V v ) 




CM \ N'o / MC 

Specified' 5 / ^ Specified 



Yes 



Yes 



N'o 



(M) + (A) -A 
and M 



Yes 



(M) > 0' 



Yes 



-M i 



No 




Was ^ No 

Instruction 
Lower '? 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + l As Next 
Instruction 



(M) + (A) -A 
and M 




D 

E 
S 
C 
R 
I 

P 
T 
I 

O 
N 



RAD (A) + (M) -A and M 

RAD, CM (A) + (M) -A and M 

RAD, MG (A) + |(M)| -A and M 



6-4 



RAD 



PROBLEM: 



Add A to the contents of address POPS. 



SOLUTION: 



LOCN 



i 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



ffiAifl 



i i i i i i 



■ Pi.dflgi 



I I I I I I I I I I I III! 



I ' I ' ! « I » I* I 7 I'l* I" '!"!' •l"l"l"l»l"iai»ll»lll |M|»i»ii > ii.|ii|iim l »iMm ll r| M |iii. ll |„| M |.i|., | „ | „ |t , | „| 4 , | „| 



PROBLEM: 



Do a replace add to the contents of address BLO modified by 
Index Registers 1 and 2. 



SOLUTION: 



LOCN 



i i ' i i ' i 



"I""'""" 



OPERATION, MODIFIERS ADORESS FIELD 



COMMENTS 



KiM 



i 



g.L.^ijAj.ai 



i i i i i i i i i i i i 



'ill' 



|0 |H |'»|l3|H|l»|i«|l'|'«|l»|Z°|8l|g»l»3|24|l5H« |;7|a»m|10 l JI|Hmn4m|M|»7|M|H|.i l |4. | 4Z | 4 I 1 4. | 4 5 | 46 | 47 | 4| | .9 | SO 



PROBLEM: 



Do a replace add to A with the absolute value of the contents of 
address PLUG. 



SOLUTION: 



LOCN 



j. i i i i i i . 



I' I ' I 4 | 5 | « | 7 | « 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



flfl.flj.frS. i , | ;p,L,U,6i 



'''''' i i i i i i i 



_i i i i i 



i i 



PROBLEM: 



Do a replace add to A using the contents of the address specified 
in Index Register 5. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



u& 



1 «r ' 

L| ' ' ' ' i ii i J i i i i iii 



' I ' I * I ' I ' I 7 I ' l» l'°l" l"l"l'4|H|'6|i7|l»|il|aO|Zi|zz |;3|84|;a|g«|;7 l ; l |i»| 1 oni|3;|i > |i,|i 5|M |i r|M |„ l . 0| 4i ! «; | 4 j | 4 4 | . j | 46 | 4 7 | 4. | .9| j 
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The REPLACE SUBTRACT Instruction 

The REPLACE SUBTRACT instruction is an instruction that subtracts the contents of A 
from a 48-bit operand (from an 18-bit storage address) and returns the result to both 
the A register and the storage address in memory. Two memory references are made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B b ) + (V V ). If the bank term is missing, 
the current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the contents of A are subtracted from the 
complement of the operand from memory and the result returned to both the A register 
and storage address in memory. 

If MG is specified by the programmer, the contents of A are subtracted from the 
magnitude (absolute value) of the operand from memory and the result returned to the 
A register and storage address in memory. 



6-6 



F 
O 
R 

M 
A 
T 



REPLACE SUBTRACT 



RSB 



MACHINE 



May be an 
upper or 
lower -<( 

instruction 



47 2 3 

7 I ! ' h I 



i i i i — i — r 
j — i i i i L 



47 23 

i — i — i — i — i — i — r 

1 1 ! 1 I I L 



r* NORMAL 



i r 
7 , 1 ,b 



J I H"l I 



AUGMENTED 




COMPASS 



_1 I I I L 



I'l'i'i'i'i 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



RjSiS.j, iCiMi jAG-i i ( : «.| ) i», i} i j>, j |V| 



_L_I l_l 1_J I L 



I I 

"1" I" I'M" I" |'«|'H" l'»|ZO|ZM"l»|2«|i»|g«l?7|gt|Z9MO|3i |3?|33|34|33|36|3r|3B|39[4Q|4 |4i|43|. 



Function code 



J 



Optional, transmit - 
complement of 
operand. 

Optional, transmit - 
magnitude of 
operand. 



45I46I47I4BJ49JSQ 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



' d bit not programmable 
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RSB 



F 
L 
O 

w 
c 

H 
A 
R 
T 



REPLACE SUBTRACT FORMAT: RSB.CM.MG (a)m,b,v 

No 



M = m + (B D ) + 



(V V ) 




(M) - (A) -A 
and M 




Yes 



o 



No 








> 




(M) - (A) -A 
and M 




) 







Gm 



Was 

Instruction 

Lower? 



No 



Yes 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 




D 

E 

S 

c 

R 

I 

P 
T 

I 

O 
N 



RSB (M) - (A) -A and M 

RSB, CM (M) - (A)-AandM 

RSB, MG |(M)| - (A) -A and M 
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E 
X 
A 
M 
P 
L 
E 
S 



RSB 



PROBLEM: 



Subtract A from the contents of address MACK with the result 
transmitted to address MACK. 



SOLUTION: 



LOCN 



i i i i i 



l'll|'H|l|'|l|» 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



KS \ h \ 



i i i i i i 



irliftiCiKi 



i 



i i i i i i i i ■ i i i i i i i i i i i 



10 | II |"|H| l «l"l l «l'H"l'»[;0|il|:;|g3|g4|;5|i6 |;7|;.|;9|3O|;i |MH1|»|1)|M|1T|1I|11|40|4i H8|»a|«4|«S|««|47m|4 



PROBLEM: 



Do a replace subtract on the contents of address TABLE modified 
by Index Register 1 . 



SOLUTION: 



LOCN 



i i i i i i i 



I ' I 3 | 4 | a | s i 7 i , 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



R.Sfl 



'i i i i i i 



iT\flS\L\c,y ,1 



I I I I I I I ! I I I I I I I I I I 



I I 

ii|'»|'«|H|H|iH"|i»|4°|a'|i2|a3|2 4|;aneHT|i«|;»|10|Ji|M|H|a4|»|3«| i 7|3»m|40|4i 4; |43|44|43|4«|47|4.|4»no | 



PROBLEM: 



Do a replace subtract on the contents of address TEST modified by- 
Index Registers 1 and 2. 



SOLUTION: 



LOCN 



_J I ! I I I 



i< m« i' i« i' n 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



■ frS'g !r-,c l g l r l .,j,,,a. , , 



j — i — i i i i i i i 



i i i i i i i i 



l | 'i |H | I3 | I4|I5 |it|H|H|H|a0|;i|ai |; 3 |;4|,. 1 mi ; , | ;, | ; 9 n O|3 | |M |3 3 I 3 4|» | 3IS 1 1 7 | 3» | 18 | 40 | 4 



4gJ43;44|45 | «6 | 47|4a 49|50 



PROBLEM: 



Do a replace subtract on the contents of the address specified in 
Index Register 6. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i 



i'i' 'i'" 



iMi 



-i-LaUPJ I I I I I I ! 



I ! I L_l L 



^-L- 1 " I "* 1" :"l' f I » l'» |a°|g'|g i|83|i4|i3|g t | ;T | Z1 | H|3 |3, p; j 3 3 p 4 | 33 | 36 | 3 7 | 3» |3 »[4C|4 | 47 | 4 3 j 4 4 ; 4 5 | 46 | 4 7 | 4 » ; « » | 3 
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The REPLACE ADD ONE Instruction 

The REPLACE ADD ONE instruction is an instruction that increments a 48 -bit operand 
from an 18-bit storage address by 1 and returns the result to both the A register and 
the storage address in memory. The initial contents of A are not used and are destroyed 
during the operation. Two memory references are made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B b ) + (V V ). If the bank term is missing, 
the current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand from memory is 
incremented by 1 and the result returned to both the A register and the storage address 
in memory. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand is 
incremented by 1 and the result returned to both the A register and the storage 
address in memory. 
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REPLACE ADD ONE 



F 
O 
R 

M 
A 
T 



RAO 



MACHINE 



May be an 
upper or 
lower -^ 

instruction 



47 23 

7 1 2 l p I I l m l I 



i i i i — i — i — r 
j — i i i i i i 



47 23 

— r i — I — I — I — l — r 
— I — I — ! I I I L 



7 i 2 i b i i i m i i 



NORMAL 



47 


t 


25 









7 ' 7 ' 

II 


1 1 1 |7|»|9W3|2|I|0 


'!' 


l b 1 


1 l m l 


1 



AUGMENTED 



COMPASS 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




Ri^i^i«iCiMi)iMi&i i fi«.i)r»n } ii>i<,iV| | | , 


l | 2 | J | 4 | 5 | 6 | T | S 


9 


10 1 n [12 | (3 j 14 j 15 | 16 | 17 J IB | 19 |20|2l|22|23|2«|25|26|27|2a|29|JO|3l 


i 

|)2|31|J4|35|36|37|38|39|40|4i|4Z|43|44|45|46|47[48 


49|50 



Function code- 



Optional, transmit - 
complement of 
operand 

Optional, transmit- 
magnitude of 
operand 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



d bit not programmable 
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RAO 



F 
L 
O 

W 

c 

H 
A 
R 
T 



REPLACE ADD ONE FORMAT: RAO,CM,MG (a)m,b,v M - m + (B ) + (V ) 




G^ 



Was 

Instruction 
Lower ? 



iNo 



Yes 




No 














(M)+ 1 
and M 


-A 






) 







Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 




D 

E 

S 

c 

R 

I 

P 

T 

I 

O 

N 



RAO 

RAO, CM 
RAO, MG 



(M) + 1 -A and M 
(M) + 1 — A and M 
|(M)j + 1 -A and M 
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RAO 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Increase the contents of address SAM by one. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


! 1 I 1 1 1 1 




f\\$\tf\ ii S\/)\Pft i i i i i i i i i i i 


l J 2 | 3 | 4 | ! ] 6 | 7 1 > 


9 


i i 

10 1 II |t2 |>3 |I4 |l* | l« | 17 Jie | 19 |20j2l|22|23|24|23j2«|27|2B|29j3O|3l | 32 | 33 | 34| 35 | 36 |3 7 | 30 | 39 | 40| 41 | 42 | 4 J| 44 | 4 3|46 | 47 | 4B 1 49 |30 | 



PROBLEM: 



Add one to the contents of REPEAT indirectly. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




R\h\p\ i i i i i i \k£\i£\A\T\^\7\ i i i 


i 
iii i i i i i i i i i 


1 1 


l |2|3|4|S|«|7|« 


9 


i 

>0|ll|l2|l3|l4|l5|l6|l7|lB|l9|2O|2l|22|23|24|23|26|27|26|29|3O|3l 


i 

|32|33[34|35|36[37|38|39|40|4l |42|43|44|43|46147|4B 


49|3°| 



PROBLEM: 



Add one to the contents of the address specified in Index Register 6. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i 



f?Art 



i i i i i i i»i p i i i i i i i i i i i i i i i i i i 



I 2 I 3 I 4 |5 | 8 | 7 | , 



I I 

IQ|M|l2[l3|l4|l5|l6|l7|IB|l9|20|2l|22|23|24|25|26|27|2B|29|30|3l|32j33134|33|3t|37|3e|39|40|4i|42|43|44|43|46|47j4e|49|30j 



PROBLEM: 



Add one to the contents of address PUNCH in the bank that the 
RAO is in. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



Ry/hA ilii.i IfytRUMOf, 



I I I I I I LJ I I I I I LJ 



I* I > l«.l« l« IM< 



I 

l0|ll|i2|i3|i4|i3|'6 1l7|IB|l9|20|2lj22t23|24|25|26|27|2B12913O|3l|32|33|34|35|36j37[3g|39(40|4i|4Z|41|44]43|46|47|4a|49|30| 
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The REPLACE SUBTRACT ONE Instruction 

The REPLACE SUBTRACT ONE instruction is an instruction that decrements a 48-bit 
operand from an 18-bit storage address by 1 and returns the result to both the A 
register and the storage address in memory. The initial contents of A are not used 
and are destroyed during the operation. Two memory references are made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, 
the current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand from memory is 
decremented by 1 and the result returned to both the A register and the storage address 
in memory. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
is decremented by 1 and the result returned to both the A register and the storage 
address in memory. 
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F 
O 
R 

M 
A 
T 



REPLACE SUBTRACT ONE 



RSO 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



^M ■ 



23 



m. 



i i i — i — i — i — r 

J 1 1 I I I L 



: 



< 



47 



23 



J L 



i i i r 

J 1 I L 



LlTB I i m . ■ 



NORMAL 



47 


t 


23 









7 ! 7 ' 
II 


1 V | d | ° |T|6|5H|3|z|t|0 


'!» 


i, l 
i b i 


, ,m, 


1 



AUGMENTED 



COMPASS 




i i i i i i i 



I 7. I 1 I « | 5 | 6 I 7 i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



feS^ijiCiflijiflSi iCi«-i)i»ij iA.jiv 



I I I I I I ! I I I I I I I 



10 |n |li |H|i« |I»|H|I7|H |H|Z0|gi|Z2|i3|g«|i»|2«|g7|21|i«|5OHi | »Z | I I | 34| 15 | 36 | 3 7 | 1» | IS | 40 | < j »; | »3 | 4 4 | » j | 4 6 | 4 7 | «|l | 49 |50 | 



Function code- 



Optional, transmit 

complement of 
operand. 



Optional, transmit - 
magnitude of 
operand 




Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

•Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



d bit not programmable 
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RSO 



REPLACE SUBTRACT ONE FORMA I: RSO,CM,MG (a)m,b,v M - m + (B ) + (V % ) 



F 
L 
O 

w 
c 

H 
A 
R 
T 




Yes 



No f MG 

*l Specified? 



O- 



/ Was .. \no 
-»l instruction j * 

\ Lower? / 



Yes 



Yes 



(M) -1 -A 
and M 

* 



(M) > 0? 



Yes 



N'o 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + l As Next 
Instruction 



(M) -1 -A 
and M 





D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



RSO 

RSO, CM 
RSO, MG 



(M) - 1 ~-A and M 



(M) - 1 -*A and M 
|(M)| - 1 -A and M 
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E 
X 
A 
M 
P 
L 
E 
S 



RSO 



PROBLEM: 



Decrease the contents of address NUMBER by one. 



SOLUTION: 



LOCN 



i ' i < i i 



l'l»l<l»|S|7|a 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



KM- 



i I I i I 



mmM£i 



I I I I I I I I l l I ; i i i i | | | 

I 



; ° l " l ' Z l " l l< l "l"l" l " l '»l"'l"l"l»l»l»»l'«l»|i-|8»H 0HI|3»H» l »4|» |1 .U7H.U»|40H, Hinn,,!.,,..!,,!,.!.,,, 



PROBLEM: 



Subtract one from the contents of SLIP modified by Index Register 2. 



SOLUTION: 



LOCN 



i i i i i 



I'l'i'i'i'i'" 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ffiSi<ri 



i i i i i i i 



g,J-/.P. 3 .a 



j ' i i i i i i i i i i i i i i i 

i i 

!°J " l " l " l ' < l "'l" l "l"l'»l"l"l»n»l»«i«»n.ia7 l 2 t m noiii|Mm[3 < |M|i 1 |i,u.n. l «cni|4 g |„|..|„| )t |„| 4 .| 4 , | , | 



PROBLEM: 



Subtract one from the contents of the address specified in Index 
Register 3. 



SOLUTION: 



LOCN 



i i i i i i i 



i' i ' i < i ' i « i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



&£^L 



J I i i i iy3i 



I i i i i I 



-i—i—i — i — i — I I i i i i i i i i i i i i 



° l " l " l " l l «l" l "l" l " l '»l"l"|g.|»i»«|nn«i»7 l 2.mii ,|i,|, i | 1>l , t | M|M | 1T|M |„ l40|tl|4a| „ |4<| „ |)1|t7|4||M 



|M|1T|M|31|40|4I |4a|4a| 44 | 4 a|4i|47|4i| 4>|>0 | 



PROBLEM: 



Subtract one from the contents of the address three memory 
locations forward of this instruction. 



SOLUTION: 



LOCN 



i i i i i 



l'll|'HI»IHI 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



KSA , , 



iiii 



i*i*|3, , 



J iiii 



! I I I I 



J — I — I — I — i — i I il. 



' l"l'4 |'» | l«|l7|,«|l» | ;o|; l |;;|, 3 |, 4|tl| ; t| , T|g , | 



g«|7»|3Q|3i |H|ii|»4|M|i«|I7|M | 39 | 4Q| 4 M 4? | .J | < . j 4 j j « 6 [ 4 7 | 4t ; 4. ,, p | 
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NEW CONCEPTS OF GROUP 6 

The instructions in this group provide the programmer with an easy way to add or sub- 
tract data from a memory address. 

Each instruction performs the arithmetic in fixed point integer format. 
Arithmetic Overflow can occur if the limits ± (2 47 -l) are exceeded. 
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Problem 6; 

Given: Y = X 5 - 4X 3 + 135 

There exists one integer for X between and -10 such that, when it is substituted, will 

cause Y to be equal to zero. Find that integer and store it at address X- 



Flowchart: 




Let x 



■10 



Substitute X 
In Equation 



Y = 0? 



\Yes 



Increment X 
By 1 



No 




Problem 6 could be solved by coding in the following manner: 



cMi^-v. 



Cjlj/A 



LOCATION 



K 



5AI/0A 



S/i, i /, £ ,a 



Sdk^ 



TMMaL 






RATKHM0DIF1ERS 



ADDRESS FIELD 



COMMENTS 



JMjJf^^JM^ 



SAtfAi^^Mu^- 



Df£.. 



MiL^., 






■±. 






K 



BSS,.-. 
BS~S 



mJL 



&jCM3£&... 



. .,_!._. 1 _i_ 



Mill 






JX„ 



\%Cu&£ D. 



CULL. 



sfA^, 



i-DA 



MMJL 



4JLEL 






^jLAJJL, 






+ \&JM- 



k&JL 



JrJX.iCM££L 






M2- 






■&**£- AX* *Jrt£*£i - 

^Mc 



J_- 



I.„„L...j L i L J J 1 — 3 — 
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Student Problem 6 A: 



Given: Y = 3X 3 - 4X 2 - 34385 



There exists one integer for X between and 30 such that, when it is substituted, will 
cause Y to be equal to zero. Find that in+^ger and store it at address X. 

Flowchart: 



Problem 6 A could be solved by coding in the following manner; 



LOCATION 


QPERATWN.MOOIFIERS ADDRESS FIELD COMMENTS 




„,..„,.„.„.„ „ ..,...„;,,., „ „,,, , , , j 




J | 


i .iii 










j j 




^^ 1 , , : , , 


—1 ■ I 


■ | ■ ■ 1 


■- < ■ i •■ ] 


-...XX L ■ J_J J_l i ..... ■....x-..: L. ■...!_ I i ■ i i 1 l , l x. : ■ x i_, . . ._t -X X x_ 








^ . . . ^ I 


1 " ; , ; 




..,.,,, 


:.,:., j L 1 


. , i 1 . : I 


, J ^^J , LU J ^ 1 ■ i 


, i ; . , , 




J _ U _ J _ | , , 




_^ ; . 


; . 1 1 j 


i 1 ! 1. 1 i i 


■ xx„xx_ i 1 ■ ■ ' 


I : i = i i i 


x_l_L L_i ' • lJ i 





,,,,,.,:, | ,, | .,.,,,., 1 . 




< 1-X.L _l| ■ X-. : . ■ 1 ■ ■■ __,j 


. 


■ ■ i i i L 


■xii 


,_,,,,...,[_, , I 






_i_, :.._-.., .,._ 


■-— |- — " 1- - ! - - --- 
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GROUP 7 
JUMPS AND STOPS 



GROUP 7 
JUMPS AND STOPS 



1. Unconditional Stop/ Jumps SLX 

2. Selective Jumps SJX 

3 . A Jump A JP 

4. Q Jump Qjp 

5. Selective Stops (with Normal Jumps) SSX 



This group of instructions allows the programmer to stop the computer (if not illegal), 
and to transfer program control to another area of the program. 

It is important to note that the jumps are not bank jump instructions in any way. The 
purpose for the bank term is to set or reset the Operand Bank setting only. The jump 
is still within the same bank in which current program control is operating. 

Some of the jumps and stops are conditional. They are conditioned by the contents of 
A, the contents of Q, the Jump switches, and the Stop switches. 
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The UNCONDITIONAL STOP/JUMP Instruction 

The SELECTIVE JUMP instruction is an instruction that transfers program control 
unconditionally to another point within the program. 

The jump address to which control is transferred is M where M = m + (V ). The jump 
is made within the same bank that the program is operating, i.e. , this is not a bank 
jump instruction. 

The bank term a determines the value of the operand bank setting. If it is not used, 
the current operand bank setting remains. If it is used, the current operand bank 
setting will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 

The SELECTIVE STOP instruction is an instruction that unconditionally stops the 
computer. When the computer is restarted, program control unconditionally transfers 
to another point within the program. 

The SELECTIVE STOP instruction then follows the same form as the SELECTIVE 
JUMP (paragraphs 2 and 3 above). 
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F 
O 
R 
M 
A 
T 



UNCONDITIONAL STOP/ JUMPS 



SLX 



MACHINE 



May be an 
upper or 
lower 
instruction 



, 47_ 
T[x~V 



23 



l I 



I i m i 



i i i — i — i — i — r 
j i i i i i L 



o . 



H 



< 



47 



23 



~i — i — i — i — r 

J I ! I i 



i r 



i i i ■ — 

7 |X |0 i i im i i 



NORMAL 



47 


t 


23 









7 1 ? ' 
i i 


1 U ' 

v d a i i 


1 

7,X 


I 1 

|0 | 


i inn 


1 



AUGMENTED 



COMPASS 




LOCN 



'I'I'IMM'li 



A^^S 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



&L& 



J_l I I LJ !_! 



(i«-i) iJw, ifci j iVi 



J LJ I I I I I I I I I I 



I I I I I i ' 



0| li |I2|H|I4|H I It I 1 7 I IS I H |20|2l|22|23|24|25|2C t 27|2«|2»|3Q|3l | 3Z | 3 3 | 34| 35 | 36 |3 7 | 36 | 39 | 40| 4 i | 4 2 | 43| 44 | 4 5 | 4t | 4 7 | 4 ■ | 43 |j Q 



Function code 
where: 
SLJ = 750 
SLS = 760 



vv 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Must be zero or omitted. 

• Optional, base address. 
Zero if omitted. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



| d bit not programmable 
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SLX 



D 

E 

S 

c 

R 
I 
P 

T 
I 
O 

N 



UNCONDITIONAL STOP/ JUMP 



FORMAT: SLX 



(a)m, v 



M 



F 
L 
O 

w 
c 

H 
A 
R 
T 




Use Upper 

Instruction 
at M as Next 
Instruction 




SLS 




Stop 
Computer 



Restart 
Computer 



Use Upper 
Instruction 
at M as Next 
Instruction 




SLJ 

SLS 



Jump to M 

Stop, then jump to M upon restarting 
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SLX 



E 
X 

A 
M 
P 
L 
E 
S 



PROBLEM: 



Perform an Unconditional Jump to address LOOP. 



SOLUTION: 



10CN 



i i i i i i 



i'i»i«i»i»i'i» 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S.LJ 



l*-l»l ' l~tV\ 



L M& 



i i i i i i i i i i i i i i i i i i i i i 



10 | II |'g|"l l »l"l'«l"l"l'»|gO|g'|gi|g3|;«i;i[; 6|Z7|;il ) ;8HOH, | 3g| Ji |i <| 35|36|irm|i9|«0|«i |<Z|4a|«<|4J|« t |47|4a|«9|i0| 



PROBLEM: 



Perform an Unconditional Jump to BEGIN. The routine at BEGIN 
is to pick up operands from Bank 3. 



SOLUTION: 



10CN 



i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S,Lrf 



j.fa'-'j .. i i i i i i i h3i) iPi£i£iJiA/i 



'i i i i i i i i i i i i i i i i i 



I | 2 | 3 | 4 | 5 | t | 7 | B 8 | .0 | n | I 2 | '3 | I 4 | ,5 | i« | I 7 | ia | l» | 20 | 2 I | 22 ! 23 ! 24 | 23 | 26 , 27 | 2» I 2» ,30 | >l | 32 | 3» | 34| 35 | 3t |3 7 | 39 | 3 9 | 40, 4. | „ | < 3 | 44 , 4 5 | 46 | 47 | 49 | 49 | 50 



PROBLEM: 



Stop the computer. When restarted, a jump to address START is 
to be made. 



SOLUTION: 



LOCN 



i i i i i 



l z I ' I ♦ l» l« I ' n 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£L£. 



i, 



i i i i i iSiTi/Ji/JiT! i 

i 



J L_l l_l I I I 



1 I I I I I I I i I i 



l°l !l I'2|H|'4|IS |lt | .7|l»|l9|gO| g l|;2 | ;3|2<|;3|;6|;7| Z »|;s|30|3l [3;|33|34|33|l«|3 7|39|3S|4Q|4i |4Z|4i|44[4i l 46|47|4»|4» | i0, 



PROBLEM: 



Stop the computer. When restarted, a jump 3 memory locations 
forward is to be made. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i 



" ' ' " " " " 



5,1,5, 



i*-'-" i i i i i i i 



;*-.+,?> 



-1—1 1 I I I I I I ! ! 



'° I " I" I " I" I" I 18 I l7 l" I '9 |2°,2',22,23,24|25|Z6|27,2»|;9|30|3i | 32 | 3 3 | 34| 35 | 36 | 3 7 | 38 | 33 | 40 



|4. |42j43|44|45|46|47|49|49|3 



The SELECTIVE JUMP Instructions 

The SELECTIVE JUMP instructions are conditional jump instructions that test the three 
jump switches on the console to see if they are ON or OFF. There is one jump instruc- 
tion for each switch. 

If the jump switch is ON, program control transfers to address M where M = m + (V ). 
This address is a 15-bit address within the same bank that the program is operating, 
i.e. , this is not a bank jump instruction. If the jump switch is OFF, program control 
continues executing in its normal sequence with no jump being made. 

The bank term a determines the value of the operand bank setting. If it is not used, the 
current operand bank setting remains. If it is used, the current operand bank setting 
will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 
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SELECTIVE JUMPS 



SJX 



MACHINE 



May be an 
upper or 
lower K 

instruction 



47 



7 U l Y l 



23 



i i i i — i — r 
j — i — i i i i 



47 



> NORMAL 



"i i — i — i — i — i — r 

J 1 1 I I I L 



23 



7 . 5 . X . r .m, 





n 



47 



t 



; i ; i ; i — n — r 



23 



Sr^ Sr^ 



HES 



i i m i 



AUGMENTED 



COMPASS 




OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SiJiXi 



J_l III 



l(l«.|)|WHjiV 



j — i i i i i i i i 



I ; I ' I " Lj I <■ I ; I » l» l'0|" l'Z|'3|'«l'»l'«|iT| H|H|Z°|8'H2|a»|i«|i»|g«|>r|?l|;9HO|3i |I?Ua|»«|3»|3«|»T|3»|H| < 0|4. t <g 1«)|«. |.;|46|47|.. |-9|50 



Function code 
where: 
SJ1 = 751 
SJ2 = 752 
SJ3 = 753 



W J 



"Optional, index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing, 

-Optional, base address. 
Zero if omitted. 

•Optional, bank term. 

0-7, transmits number to 
Operand Bank Register. 

$, transmits bank number in 
which base address resides to 
Operand Bank Register. 

*, Transmits Instruction Bank 
Register to Operand Bank Register. 



d bit not. programmable 



7-7 



SJX 



SFiLEC'TIVK JUMPS 



FORMAT: S.IX <al 



F 

L 
O 

W 

c 

H 
A 
R 
T 




Use Upper 
Instruction at 
<P) 4 1 as Next 
Instruction 



Use Upper 
Instruction at 
(P) + i as West 
Instruction 




D 

E 

S 

c 

R 
I 
P 

T 
I 
O 

N 



SJ1 



SJ2 



SJ3 



Jump to M if Jump Switch 1 is on 

Continue program is Jump Switch 1 is not on 

Jump to M if Jump Switch 2 is on 

Continue program if Jump Switch 2 is not on 

Jump to M if Jump Switch 3 is on 

Continue program if Jump Switch 3 is not on 



7-8 



SJX 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Check Jump Switch 1. If ON, jump to address CARDTOTA. If OFF, 
continue program. 



SOLUTION: 



LOCN 



i i i i 



|2 I 3 , 4 |S | 6 |7 | I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SX1 



M l -H I I I I 



CaudtAtj 



I 



I I I I I I I I I 



10 Ml M2II3 



|I2|I3 I 14 | 15 |H|lf|H| U|iO|ZI|i2|;3|84|M|g« | i7|8»n»| M |3i | 32 | 3 3 | 34| 35 | 36 | 3 7 | 38 | 39 | 4Q| 4 | 42 | 43 | 44 | 4 5 | 4 6 j 47 | 4« | 4 9 | 5 



PROBLEM: 



Check Jump Switch 2. If ON, jump to address OK modified by- 
Index Register 3. If OFF, continue program. 



SOLUTION: 



LOCN 







OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SiJA 



i i i i i i i' 



^■Af.j.3. 



j_i i i i i i i i i 



I I I I I I I I I 



| 2 | 3 | 4 [5 | 6 [7 IB | 9 |lO| H |l2|'3|l4|l5|l6|l7jia|l9|20|2l|22|23|2412S|Z6|27|29|29|30|3M32|33|3 4|3S|S6|37|3Bj39|40|4l |4Z|43|44|45|46|47|4g|49 | 30 | 



PROBLEM: 



Check Jump Switch 3. If ON, jump to the address specified in 
Index Register 4. If OFF, continue program. 



SOLUTION: 



LOCN 



i i i i i i i 



| 2 | 3 | 4 | 5 | « | 7 | » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£J£. 



I)ITI 



I I I I I I I I? I T I I I I I I I I I I I I I I l l l l i 



I i I I I 



IO|H |l2|l3|.4|l5|l«)l7| H|.9|20|2l|22|2>|Z4|25|2t|27|2e|29|3O[3l|32U3|34|35|3«|37|3»|3»|40[4l |42|43|44|43|46|47|4»|49|;0 



i !0 J 



PROBLEM: 



Check Jump Switch 3. If ON, jump to an address two memory- 
locations forward. If OFF, continue program. 



SOLUTION: 



LOCN 



i i i i i i i 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SJ,Z 



i i i izlAJj i i i i 



" ' ' '■■," i» i' 



l2|l3)l4|l5|l6H7|lB|l9|2O|2l|22|23|24|25|2fc|27|2B|29|3O|3l|32|33[34|35|36j37|3e[39140|4i[42|43|44|45|46|47|4g|49|5O| 



The A JUMP Instruction 

The A JUMP instruction is a conditional jump instruction that tests the contents of A 
for zero, non-zero, positive, or negative. One modifier must be specified. 

If the condition tested is true, program control transfers to address M_ where M = m + 
(V v ). This address is a 15-bit address within the same bank that the program is 
operating, i.e. , this is not a bank jump instruction. If the condition tested is not true, 
program control continues executing in its normal sequence with no jump being made. 

The bank term a determines the value of the operand bank setting. If it is not used, the 
current operand bank setting remains. If it is used, the current operand bank setting 
will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 



7-10 



F 
O 
R 

M 
A 
T 



A JUMP 



AJP 



MACHINE 



May be an 
upper or 
lower -< 

instruction 



47 
2 '2 ' S ' 



23 



J L 



m 
J I L 



T 1 — I — I — I — I — r 

J 1 I I I I L 



i> NORMAL 



47 



23 



"i — i — i — i — i — i — r 

J 1 1 I I I L 



2 i 2 ' S ' i 



J3_ 



47 


t 


23 









1 1 


1 II I 

1 V 1 1 ° |7|6|S|4|3|2|I|0 


2 1 2 1 


S 1 


■ m . 


1 



AUGMENTED 



S^ W J 



COMPASS 




LOCN 



i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



A\J [ P\^Si 



i i i i 



0±ilM 



l;l v l I l I i i i i i i i i i i i i i 



I ? I ' I « I' I » I M ' l» l'° I" I" !"!'< I" l"l"l" |l»|20|iim|»3|24|i5|;«!;7|gli8»|10|ai |M|J»H<|3»|l«|iT|5t|I»|<|>|4, | «; | 4 j | 4 « ; 4 5 | »6 | 4 7 | < 8 , 1 a | i 



Function code- 



Modifier; 

One of the 
following must 
be specified: 
ZR, zero (220) 
NZ, non-zero (221) 
PL, plus (222) 
MI, minus (223) 



W J 



-Optional, index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

■Optional, base address. 
Zero if omitted. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



' d bit not programmable 



7-11 



AJP 



A JUMP 



FORMAT: AJP, ZR 

NZ 
PL 
MI 



(a) m, v 



M = m + (V ) 



F 
L 
O 

w 
c 

H 
A 
R 
T 




(ZR \no/nZ \ No V pL 
^Specified? J *\ Specified?/ *\Spe' 



cified? 



(A) = 0? 



No 



Yes 



Yes 



Yes 



(A) J* 0? 



© 



Yes 



(A) > 0? 



©~( 



Was 

Instruction 

Lower? 



Yes 



© 



Yes 



•6 -6 



No 



Use Lower 
Instruction at 
(P) as Next 
Instruction 



Use Upper 
Instruction at 
(P) +1 as Next 
Instruction 



No 



6 



MI 
Specified 



(A) < 07 



-KD 



X 

•o 



Use Upper 
Instruction at M 
as Next 
Instruction 




D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



AJP, ZR 

AJP, NZ 

AJP, PL 

AJP, MI 



(A) = jump to M, otherwise continue 
(A) j- jump to M, otherwise continue 
(A) > jump to M, otherwise continue 
(A) < jump to M, otherwise continue 



7-12 



AJP 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



When A is zero, a jump is to be made to address ROOT. When A 
is non-zero, the program will continue. What instruction will 
check this? 



SOLUTION: 



LOCN 



i i i i i i 



|3|3)-.|5|e.|T|« 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



hiJiPi. i?i/?i 



l^lTlj IZIAI I I I irt l^^l/ i 



77 



i i i i i 



i i i i i i i 



'"I" r ; l"l l *l"l' 6 l' 7 l"l'»|ZO|2'l"|i3|Z«|i5|3S |?7|28|i!»Hl>|H|«|3a|I« | ?l5 | ie| > 7U»U9|.IO|«, | 4f | 4j| 44 | 4 3 | 46 | 47 | 4| | 4» | 5 Q 



l*»l'°l 



PROBLEM: 



If A is positive, jump to address EPSILON modified by Index 
Register 3. If A is negative, continue program. 



SOLUTION: 



LOCN 



i i i i i i 



" ' ' ■ < 5 '« i' i« 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ft\J\P\.\P\L\ i i i 



,£p,.s,i,.i,rt.v,,,3 



i 



ID | II | H| 13 | M |H lt|lf|,»,H |;0|7l |z;|;j|;4 |i3| 26 | Z7|a. !Z9|3Q| 31 |3g|33|34|35|36|37|3l 39;40|. | 4i | 43 | 4 4 | 4 5 | 46 | 47 ] 46 | 49| 5 



|47|48|49|50 | 



PROBLEM: 



If A is negative, jump to the address specified in Index Register 4. 
If A is positive, continue program. 



SOLUTION: 



LOCN 



I ! i I 



|2|3|4|8|«|7|l 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



^■JTPtj.Wx. . , , Ij.v, 



i i i i i i i t i i i i i ii 



10 | li | i: | " l " l ' !> | ,t l"l l 'l'»l'°l"l'ZU3|24|;5|Z«|77 l ;.|;,U<l|li|3; | 33|34|35|36 l 37|3»|3»|4<l|4 l| 4; l 41|44|.l|48]47 l 4«|4» i 5 



PROBLEM: 



If A is non-zero, jump three locations backward. If A is zero, 
continue program. 



SOLUTION: 



LOCN 



i i i i i i 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



77iJ^i t iM?i . i i i#i-i3i 



i i i — i i i i i i i 



I ; I ] ' * ' \ I s I 7 I ' i ' I i0 I " l' ; I" I '4 I n |'«|"|i»|i»|go|;i|;zi23i 



;4|7i|Z6|?7|;ai74|3Q|3l | 3Z | 33 | 34| 33 | 36 I 3 7 | 31 | 39 | 40; 4 | 4 ; | « 1 1 4 . | ■ ; i 4 6 | 4 7 | 4» | 4 9 ; jo | 



The Q JUMP Instruction 

The Q JUMP instruction is a conditional jump instruction that tests the contents of Q 
for zero, non-zero, positive, or negative. One modifier must be specified. 

If the condition tested is true, program control transfers to address M where M = m + 
(V V ). ' This address is a 15-bit address within the same bank that the program is 
operating, i.e. , this is not a bank jump instruction. If the condition tested is not true , 
program control continues executing in its normal sequence with no jump being made. 

The bank term a determines the value of the operand bank setting. If it is not used, the 
current operand bank setting remains. If it is used, the current operand bank setting 
will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 



7-14 



F 
O 

R 

M 

A 
T 



Q JUMP 



QJP 



MACHINE 



May be an 
upper or 
lower 
instruction 



/- 47 . 



23 



2 i 3 i S i i i m i 



i — i — i — r 
j i i L 



< 



47 



23 



"l — I — I — I — r 
J I I I L 



2 ' 3 ' s' 



m, 



NORMAL 



47 


t 


23 









AA 


1 u ■ 

v d a t i 

1 1 1 |7|6|5|4|3|2,l|0 


2 J 3 


's ' 


i > m , 


1 



AUGMENTED 



S^ Sr^ 



COMPASS 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 


i . . i i i i 




Qj"yS\ i i i i i (i«-i-) |7»i jiV i i i i i i i i , i , , ■ , 


' ! ' ! i ! ' 1' 1 « 1 ' : » 


, 


1 

'0|.: |'2| i3 | 14 |, 3 |.«|. 7 |,1 |,»|J0| Ii ,22 11512,1251 Zt|J7|2 t |i 9| jO| li |li|31|)4| 


5 | 16 jJ 7 , Jft j 39 -• 4 ,■-; «yjj J' 4f 47.48 ^ ;: 



Function code- 



Modifier:- 



One of the 
following must 
be specified: 

ZR, zero (230) 

NZ, non-zero (231) 
PL, plus (232) 

MI, minus (233) 



W^ 



-Optional, index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register - . 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t 



d bit not programmable 



7-15 



OJP 



F 

L 
O 

W 

c 

H 

A 
R 
T 



Q JUMP 



FORMAT: QJP, ZR 
NZ 

PL 
MI 



(a) m, v 



M = m + (V ) 





/ZR \_No_JwZ \ No /PL 

\Specified? J ^Specified? J ^Specified? 



No 




O 



Was 

Instruction 

Lower? 



No 



Yes 



Use Lower 
Instruction at 
(P) as Next 
Instruction 



Use Upper 
Instruction at 
(P) +1 as Next 
Instruction 



Use Upper 
Instruction at M 
as Next 
Instruction 




D 
E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



QJP, ZR 

QJP, NZ 

QJP, PL 

QJP, MI 



(Q) = jump to M, otherwise continue 
(Q) i jump to M, otherwise continue 
(Q) > jump to M, otherwise continue 
(Q) < jump to m, otherwise continue 



7-16 









l QJP 


PROBLEM: 




E 

X 


When Q is zero, a jump is to be made to address PARAMET. When 
Q is non-zero, the program will continue. What instruction will 
check this ? 


A 




M 
P 
L 

E 
S 




SOLUTION: 




LOCN 


0PERATI0N,M0DIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 


fliJTPijiZjRi i i i iP\fl\R\A-\M\lt'\T~t i i i i i i , i i i i i , , 


I | 2 | 1 | 4 |3 | 6 | 7 | t 


i i 

9 10 |l> .2|ll|.4|lS | II| 17! II I9| 20|2I| 12 | 2 3|24|2S|2e| 27 | 28 |Z9 | !0| 3' | 32 |33|34|35|36 |3 7| SB 1391 401 4. 1421 4.114 414* I a « 1.7.4 »!*•,• n, 




PROBLEM: 




If Q is positive, jump to address LAMBDA modified by Index 
Register 3. If Q is negative, continue program. 






SOLUTION: 




LOCN 


OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 





<3iJi"iji/'i'-i i i i \LAfliB\Dfi\ .i3i i i i i i i i i i i i i , 


1 |2 I J |4 |5 |« |' |i 5 


i ' i 

.0 |l. |I2|I3|I4|IS |.<|.7|l> |l9|20|2.|2!|23|24|2S|2«|27|29|29|3O|3l | 32 | 3 3 | 34| 35 ( 38 |3 7 | 38 | 39 | 40| 4 i | 42 | 43 | 4 4 | 4 5 | 46 | 47 | 4( | 49 | 3 1 




PROBLEM: 




If Q is negative, jump to the address specified in Index Register 5. 
If Q is positive, continue program. 






SOLUTION: 




LOCN 


OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


ii 


_«V|' 1. \M\I\ 1 1 1 Ijl^l 1 1 1 1 1 1 1 1 1 1 1 I | | ! , 1 , ! , ! , , j ! i , , , 


1 1 2 1 5 1 ' 1 ' 1 ' 1 ' 1 • S 


1 1 

I0|n |I2|I3|I4|I5 | l« | 17 | l> |, 9 |20|2I]22| 23 |24|23|2H 27 12.129110 |3l 1 32 | 3 3 1 341 35 1 36 1 3 7 1 39 1 3 9 I 4 Ol 4 M 4 ? 1 4 , i 4 4 i 4 4 . 4C . 47 i .. , 4. , 4n . 




PROBLEM: 




If Q is non-zero, jump two locations forward. If Q is zero, 
continue program. 






SOLUTION: 




LOCN 


OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


,,ii, 




' \' I ' l\!S l« 1' |« S 


i i 

'° 1" \' 2 I 13 I'* l'5 |*6 | I'M' M* \20\i<\22\2l\2*\2$\2t\27\2* 121,10 \3< |1Z | 5 3 | 3 4| S5 | 36 | J 7 | SB 1 39 1 401 4 : t 42 1 4 3 1 4 4 1 4 5 1 46 1 4 7 j 48 i 49 ( 3 , 
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The SELECTIVE STOP Instructions 

The SELECTIVE STOP instructions are conditional stop instructions that test the three 
stop switches on the console to see if they are ON or OFF. There is one stop 
instruction for each switch. 

If the stop switch is ON, the computer will stop. When the computer is restarted, 
program control will transfer to address M where M =m+ (V V ). This address is a 
15-bit address within the same bank that the program is operating, i.e. , this is not a 
bank jump instruction. If the stop switch is OFF, the computer will not stop. However, 
program control still goes to address M. 

The bank term a determines the value of the operand bank setting. If it is not used, 
the current operand bank setting remains. If it is used, the current operand bank 
setting will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 



7-li 



F 
O 
R 

M 
A 
T 



SELECTIVE STOPS 



SSX 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



7 ' 6 ' X ' 
I I L 



m 
J L 



i r 



J L 



< 



b> 



47 



23 



i r 



i r 



J L 



IS 



m 



1 L 



NORMAL 



47 


T 


23 









'!'! 


1 U ' 

v d a i i 


7|. 


'x' 


,111, 


1 



AUGMENTED 



COMPASS 




OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



SSX 



_l_l I I C I "- J I'Wll j I V I L 



III 



3 ['€ | 17 | ie | 19 |gQ|?l|.;Z|g3|Z4|25|g6 g 7 j g 6 | g 9 | 3Q | 3 i | 3? | 3 3 | 3 4 | 35 ] 36 | 3 7 38|39] JO; 4 4 ? : 4 j . 4 4 4 5 ' 4 € ; 4 - 4 9 



Function code 
when: 

551 = 761 

552 = 762 

553 = 763 



Sr^ 



Optional, index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 
Zero if omitted. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank 
Register. 



' d bit not programmable 
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SSX. 



F 
L 
O 

w 
c 

H 

A 
R 
T 



SELECTIVE STOPS 



SS2 Enter 



Stop Switch \Yes 
#2 On? J 



FORMAT: SSX 



M = m + {V > 



Stop 
Computer 



Restart ' 
*| Computer j— 



L 



J 



Stop 
Computei 



Restart 

Computer 



U3e Upper 
— » Instruction at M 

as Next 
Instruction 



SS3 Enter 



Restart 
Computer 



Use Upper 
Instruction at M 
as Next 
Instruction 



D 

E 
S 
C 
R 
I 

P 
T 
I 

O 
N 



SSI 
SS2 
SS3 



Stop if Stop Switch 1 is on, always jump to M 
Stop if Stop Switch 2 is on, always jump to M 
Stop if Stop Switch 3 is on, always jump to JVI 



7-20 



ssx 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Stop the computer if Stop Switch 1 is ON. When restarted, go to 
address CONT. 



SOLUTION: 



LOCN 



I I ! I I I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SSI 



J I I I I I I I 



cMt, 



J I I l_J LJ_ 



I I I I I I I 



' I ' I » I ; I ; I 6 I ' I > I * l'°l" I 1 ' I" I 1 * ! 15 I '» I "• I '■ l'» |20|i'|2Z|»|i«|aS|2>igMg«|2«|»0|3i | 32 | 3 3 | 3 4 | 35 | 36 |3 7 | 3B | 3 9 | 40 | . 



421431441.5 



|««|«i|46|<7|<»|4»H(i| 



PROBLEM: 



Check Stop Switch 2. If ON, stop the computer. If OFF, do not 
stop. In either case, jump to address JIM modified by Index 
Register 3. 



SOLUTION: 



LOCN 



m i 



I ; I 3 I 4 | 5 | » | 7 | » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



s,sx 



I I I ! I 



ijr-r/ri. ,3, , 



I I ! I I 



I I 1 I : i I ; i i 



J I " I" I 13 I " I'* i«l 'M"l'» |20|2'|22|23|24|g5|g6i;7;;t|;S|10|ll I 32 I 33 I 34| 35 I 36 |3 7 I 36 I 39 I 40; 4: : 4 2 j 4 j | 4 « | 4 j ; .6 j 4 7 | 46 | 49 | ; Q 



PROBLEM: 



Check Stop Switch 3. If ON, stop the computer. If OFF, do not 
stop. In either case jump to the address specified in Index 
Register 6. 



SOLUTION: 



LOCN 



J_J I I I I L 



I' I 3 | 4 |3 |t |T | I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SjSl?, 



I I I I Ijl"! I I L_l L I I I I I I I I I i 



° I" I " I" I" I" I" I "I" l'«|20|2M"l»l'«l"|2«|Z?|31|i9|3O|3i | 37 | 3 3 | 34 | 35 ! 36 ! 3 7 t 38 | 3 9 | .0; 4 , 47 | 4 3 | « ,, | . ; , )t | 4 7 | 4 6 j 49 | 5 



PROBLEM: 



Check Stop Switch 2. If ON, stop the computer. If OFF, do not 
stop. In either case jump to one memory location forward of the 
address specified in Index Register 4. 



SOLUTION: 



LOCN 



T-t- 



iOPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



J — I — I I I I L_ 



\Sj5^_ 



1 4 



-J 1_J L _J L_J_J L I !__i L .i_J L_ J_ 



' I ' I ' I * i ' I ' I ' I * I ' I '°i ' I" ! " ! ' I" I'M "I" I '9 |?0|7>]J7|23|74|73|?(,|?7j7 > |79|3n|3i I 37 | 3 3 | 3 4| 33 | 36 | 3 7 | 39 j 3 9 | 40j 4 i < ; ; 4 1 j 4 4 ; . 5 , . t , 4 7 | .» , 49 , 5 J 



NEW CONCEPTS OF GROUP 7 

The conditional jump and stop instructions allow the program to check data and switches 
and perform various functions accordingly. 

For the A and Q jumps the whole register is checked for zero when-2-Ror NZ is speci- 
fied. When PL or MI is specified, only the uppermost bit is checked. This falls in 
line with the integer and fractional formats already discussed, and floating point which 
is coming soon. 

For the checking of the jump switches and stop switches the number of the switch check- 
ed must be on in order for the jump or stop condition to be satisfied. For the condition- 
al jump instructions program control will either jump or continue to the next instruction. 
For the conditional stop instructions program control will either stop or not stop. In 
either case it always jumps when it continues. 
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Problem 7: 

Write a subprogram that will form: 

1 . C = A+B if jump switch #1 is on 

2. C = A-B if jump switch #2 is on 

3. C = A - B if jump switch #3 is on 

Assume only one switch is on and that A and B are given as integers. 
Flowchart: 




Jump Switch \ Yes ^ i 

#1 On? f ^ 



No 



Jump Switch \Yes 



#2 On? 



No 



Jump Switch \Yes 
#3 On? 



C = A + B 




C = A - B 



C = A • B 



No 
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Problem 7 could be solved by coding in the following manner: 



LOCATION 


DPERATKIH.MODIFIERS ADDRESS FIELD 


COMMENTS 






i 


i 






tvJstJf- . ■ km/r/cU . ■ 


1 


' ■! . 




Z,<JTM, , , , SWZrcM . 


1 

_L . ...J--1. '. ..... .1 -u. i ..Li : I-'-. .. 1 :.a.X..L 




— 1 ; 


ess it 


1 


— J --- 


SuJtT.c H , 


es,s .11 


1 




XTi Ismak 


Pu.SLfi_.StS . 1 ,&/?, s _ .-,,..,._,.. >_ 






SJJ. |£!X/=/P , , , , .,....,, ,.... 


jJUAtft. S^/ ^ $/l/£ ,::,,.. ^ ■: . ... . 


, . 




S.XJ, ,,.,., jPR^a . 


. imie 5,1^,3 jm/? __ ; _ J ... i .... L . i _, _ ! _ 1 _,. i .. L ; _ , 


.^....U. 




sxr . . . , . fcutffcM 


1 

a.u .i... •...--. ..-..-. .,...., ._j_i_u^.... .■ .,j..^...,....j 


San , , . , 


LOA U . . : , : , . 


i 






4DO [8 , , , 


Uirg 






5^4 . , . . !C 


1 






SaX, , , , , , Js.h/J^ , , , , , 


1 

_L_1 ,i '. • JJ^ i-.J-J- " .... l._L_L_^i_l_J_J. 1 ..J-J-i 




QM£..^.,... 




1 




- iirZL ___, _,■„..., .,.^._..^ ^ , ..^^ 






sr^i !C , , , , , 


i 

. 1 . . . f i i t . . . i ! t i : : j 






.»z,jt &.*ar;c,fj ,.,!,. ^ _ _... i _.^....^,._^. J ,„^.. 


iRjo , , 


.U3l • ux_.ul^ ,...,.... . ,.,,, .^ 


1 

J...1. . . „J_L. .... ... J_l_ 1. ' ^..J.^... J. '...- .. 1 '_. 1 






MUX 16 , 


^tf 






S.?-^ i_L_i_jj_j£-L-i_i u^; ....... i ■ x-l-l-. ...1...J '_i_l_i. ....... .-l^ ,,....,. ...,._.., i_^_. J ..^^.. 




SAT ... : ^mfCr//, ,.:.,.:.:: 


i 




, : 


.£tfa.+.- ,^..L ^, .,,.,, S^ 


1 


_L.„i„.i 



Somewhere within this subprogram would also be included the symbols A and B in the 
location field with a declaration of the prestored data or the area reserved. 

Student Problem 7A: 

Write a subprogram that will form: 

1. Z = X+Y if jump switch 1 is on and jump switch 2 if off. 

2. Z = 2X+3Y if jump switch 2 is on and jump switch 1 is off. 

3. Z = 3X-2Y if both jump switches 1 and 2 are on. 
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Flowchart: 



Problem 7A could be solved by coding in the following manner: 



LOCATION 


EHIUTKIilWIHFeS ADDRESS FIELD COMMENTS 


(1J11 ,.,,,,,,,, 








l i i i 1 .1 „.L . . 




1 1 ) 1 1 ! i 








; i , . | , | 




__..__, i,.,.i .1. 1 1 


,,.,,,,,,! , , j 


-j — ! — i — 1 1 ! i 


, i , | 


i . j i i i > 


{_ _| i 


i t i t : 


, ! , , , , , . . , . . . [ 


. , i . , , ■ 




. J_i _L _J __ _L_ 




= 1 t. 1 I, 1 i , 


. , | , , , , , , ! ! t ( . ! , 


i i i . , . 


, , . | | 




; 1 ; i i ( 1 1 1 l 1 i 1 ' 1 L 


t : i = ; ■ i 


, , ) , i ■ i ' 1 i 


; l : . 1 1 I 


' -I— _ _L__ 1 _L ' 1 ■ __ ' L 


1 i t 1 i i j 


, , , L ; ] a , ; J 


-i 1 i_J I L..J 


-.11111 J 1— 1. J 1 i i 1 1 1 1 1 1 ! 1 j 1 i 11,111 


i 1 i ■ ! 1 . 


. I : , , , , | | | | ; | , . . , . : : , , , : | , , | 




| j 


._-.._.. 1 [ 1 | J 


,,,,,.,.,,,.,,. ,! 


-J-U-__L ■ _____ 


1 1 1 . 1 1 1.1 1 1 ., i I 1 1 1 1 1 ,..■ 1 1 ■ ■ 1 > ....___.. ■ ■ j. _■ __._ L_.__.._L..___..„ ■ 
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GROUP 8 
RETURN JUMPS AND STOPS 



GROUP 8 
RETURN JUMPS AND STOPS 



1. Unconditional Stop/ Return Jumps RTJ/SRJ 

2. Selective Return Jumps RJX 

3. A Return Jump ARJ 

4. Q Return Jump QRJ 

5. Selective Stops (with Return Jumps) SRX 



This group of instructions allows the programmer to stop the computer (if not illegal), 
and to transfer program control to a subroutine. 

It is important to note that the return jumps are not bank jump instructions in any way. 
The purpose of the bank term is to set or reset the Operand Bank setting only. The 
return jump is still within the same bank in which current program control is operating. 

Some of the return jumps and stops are conditional. They are conditioned by the 
contents of A, the contents of Q, the Jump switches, and the Stop switches. 



The UNCONDITIONAL STOP/RETURN JUMP Instructions 

The RETURN JUMP instruction is an instruction that transfers program control to 
another point within the program. However, at that point is placed an address, such 
that the address forms a return path to the main program. 

The point to which control is transferred is a 15-bit address M where M = m + (V ) in 
the same bank that the program is operating, i.e. , this is not a bank jump instruction. 
However, execution does not start with the upper instruction at M. Instead, (P) + 1 
are placed in the upper address portion of the memory word. Execution then begins 
with the lower instruction of the memory word. 

The bank term a determines the value of the operand bank setting. If it is not used, 
the current operand bank setting remains . If it is used, the current operand bank 
setting will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 

The STOP/RETURN JUMP instruction is an instruction that unconditionally stops the 
computer. When the computer is restarted, program control transfers to another 
point within the program. However, at that point is placed an address, such that the 
address forms a return path to the main program. 

The STOP/RETURN JUMP instruction then follows the same form as the RETURN 
JUMP instruction (paragraphs 2 and 3 above). 
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F 
O 

R 

M 
A 
T 



UNCONDITIONAL STOP/RETURN JUMP 



RTJ/SRJ 



MACHINE 



May be an 
upper or 
lower K 

instruction 



47 








23 









7 |x 


'* 


1 

1 1 


m, , 


1 1 1 1 1 1 1 
1 1 1 1 1 1 1 


47 






23 









i i i i i i : 
i i i i i it 


7 'X 

1 


'4' 
i i I 


l m i 


1 


47 




t 


25 









IS 


', 


I.I 

V .V 


i 

|7|6|514|3|2|l|0 


7'X 
i i 


4 ' 
i i 


m 
i " 


1 



> NORMAL 



AUGMENTED 



COMPASS 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 






RTiJl/iSiR.J\ i i i C i*-i/ i*tij iv i'ii iii: 


; Z 3 . 4 | 5 | E ; 7 ; B 


9 


i 

O ; ; !2|'J,'''i^ , i&l"|'B|l9|20i2ij22|23;?*|?5|?6|2?i?e|;'»13Dj3i|3i|33|)4.J5|36|37ilBl3S.AO 4 42;4; i 44|45|«6. 47:4849,5 



Function code- 
Specify one or 
the other: 
RTJ - 754 
SRJ = 764 



Sr^ 



-Optional, index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7 , use indirect addressing. 

-Optional, base address. 
Zero if omitted. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



d bit not programmable 



RTJ/SRJ 



D 

E 

S 

c 

R 
I 
P 

T 

I 
O 

N 



UNCONDITIONAL STOP/RETURN JUMP 



M = m + (V t 



F 
L 
O 

W 

c 

H 

A 
R 

T 



Restart 
Computer 



Use Lower 
Instruction at M 
as Next 
Instruction 



> (P) + 1 -M p 



j Use Lower 

! Instruction a 

j M as Next 

| Instruction 



RTJ 

SRJ 



Return jump to M 
Stop, return jump to M 
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Irtj/srj" 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Do an Unconditional Return Jump to address SUB. 



SOLUTION: 



LOCH 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 







/\|7|J| 1 I 1 1 1 1 iJlUlPl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 III | | I t 1 II 


1 |2|>l«l»l«l'l» 


9 


1 1 

10 | li |I2 |i3 |i4 | .5 | IE | 17 | IB | 19 |20|Zl|2Z|ZS|!4|25|?'- 27|26|29|30|3l |32|33|34|35|36|37|38|39|40|4i |42|43|44!45|*6|47|48|49|50| 



PROBLEM: 



Do an Unconditional Return Jump to an address specified in Index 
Register 1. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




Klfiv'l 1 1 1 1 1 1 l_j ill .1 1 1 1 1 1 1 1 1 1 1 I 


, 12 13,41516171b 


9 


1 1 

i0|II|I2[I3|I4|I5|I6|I7|I8|I9|2O|2i|22|2J|24|25|26|27|2B|29|3O|3i|32|33|34|35|36|37|3B|39|4O|4, ,«2|a}|4a|43;46[47|48|49|50 



PROBLEM: 



Do an Unconditional Return Jump to address SUB modified by Index 
Register 2. The routine SUB is to call operands from Bank 6. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 







•sim-Ji i i i i i i ifiW i4*il'iPij i«2< i i i i i i i i i i i i i i i i i i i i i i i 


1 |2 | 3 | 4 |5 |6 | 7 | 8 


9 


i 

I0|n|l2|i3|i4|i5|i6|l7|l8|l9|20|2l|22|23|24|25|26|27|28|29(30j3 


l |32|S3|3 4135|36|37|3B|J9|40]4i |42|4j|44j4S|46|47|4B|49|50| 



PROBLEM: 



Stop the computer. When restarted, do a Return Jump to address 
ROUTINE. 



SOLUTION: 



Lutn 



nnrniTinii unnirirno innnrro rinn 

urtKAiiun.muiiiritio Auunta» ntiu 



AI.Ulil'UTP 

i,ummtim 



i i i i 



£&ZJ i i i i i i i^(Pi^iTii>viiC[ 



i i i i i i i i i i i i 



i i i i i i i 



I 2 | 3 I 4 | 5 | B I 7 | B 



IO|M;i2|i3|i41i5|l6|i7[i8|l9|20|2i|22|23|24|23|26|27|28|29|3O|3l|32|33|34|35|36|37|38j39|4O|4. |42|4314414i|46|47|4B|49|50 
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The SELECTIVE RETURN JUMP Instructions 

The SELECTIVE RETURN JUMP instructions are conditional return jump instructions 
that test the three jump switches on the console to see if they are ON or OFF. There 
is one return jump instruction for each switch. 

If the jump switch is ON, program control transfers to a 15-bit address M where M = 

y 

m + (V ) in the same bank that the program is operating, i.e. , this is not a bank jump 
instruction. However, execution does not start with the upper instruction at M. 
Instead, (P) + 1 are placed in the upper address portion of the memory word. Execution 
then begins with the lower instruction of the memory word. If the jump switch is OFF, 
program control continues executing in its normal sequence with no jump being made. 

The bank term a determines the value of the operand bank setting. If it is not used, the 
current operand bank setting remains. If it is used, the current operand bank setting 
will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 
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SELECTIVE RETURN JUMPS 



RJX 



MACHINE 



May be an 
upper or 
lower K 

instruction 



47 



23 



7 T 7 T 1F T ~ 



m 



J I I I 1 1 L 



— i — i — i — r 
I I I i i L 



47 



23 



-i — i — i — i — i — i — r 

J I ! 1 I I L 



— I 1 1 

7 1 5 JL i i m i 



NORMAL 



47 


f 


23 









y'z 1 

i i 


I i'i i 

1 V ^l Q |T|6|5|0|3| 2 |I|0 


7 '5 

i 


'x 1 

i i 


m 
i i 


1 



AUGMENTED 




COMPASS 



LOCN 



l z ! ' l - 1 ; I * l ' i « h l'°i LLLLLliL l " I" 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



RJX 



i id^^lJHljlVl 



f|l6|l9|Z0|?i|ZZ|g3|g4|Z5|F6|gn26|39!!Ci3'| i ^l i3 l 34 i i5 l 36 l 3r l 5e l 39 !' lo l 4: l 4g l 4 ^l 4 ''! 45 l 46 l a7 i^ e !'''*} 50 



Function code ■ 
where: 
RJ1 = 755 
RJ2 = 756 
RJ3 = 757 



W J 



Optional, index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 
Zero if omitted. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank 
Register. 



td bit not programmable 



RJX 



F 
L 
O 

w 
c 

H 

A 
R 
T 




* M^ 



"»|U>i j» \V> 





\.-,:\ 


]'•'-'' ' ' 







1 Ins true tioti . — — 

v. l °- •' y 



Us** Upper 
Instruction ai 
(P! + 1 as Next 
Instruction 






Use Lower 
Instriu'tiMa 

at iVI a-.i N<- 



li 


(P) x 


« N 




'\ 


lr,:,t 


Uppe 
rut-lie 


X. 








in-. 


r.j: in 


n 







D 
E 

g 

c 

R 
I 
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T 
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O 
N 



RJ1 
RJ2 
RJ3 



Return jump to M if Jump Switch 1 is on, otherwise continue 
Return jump to M if Jump Switch 2 is on, otherwise continue 
Return jump to M if Jump Switch 3 is on, otherwise continue 



8-. 
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RJX 



PROBLEM: 



Check Jump Switch 1. If it is ON, do a Return Jump to address 
PETE. If it is OFF, continue the program. 



SOLUTION: 



LOCN 



i 



OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



&JX 



I I I I l — Ll ^lTi&i l i i i i i i i i i I | 



J — : — i — i l. 



I ' i ' I * I ' i c I ' I * 1 9 I ° I " I" !' J I '« I ' b l' 6 l "I" l'» |g°[?i |gzia3|g«|;s|Z6|g7|;»|;»|3ii|Ji |3;|33|34| 



"|3«|»T|3e|3»|<Oi«,;<;|«3 |< 4|<;;«s ! 47| < «i49po i 



PROBLEM: 



Check Jump Switch 2. If it is ON, do a Return Jump to address 
JOE modified by Index Register 2. If it is OFF, continue the 
program. 



SOLUTION: 



LOCN 



-i i i i 



Li I ' i • n i« i' i' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



RJA 



■J^a 



i i i i i i ' i i i i i i 



i i 

-' " I " l " I 'M" l"l"l"l"l'°l"l"|gi|g«|g»|g « |g7|4amHO|Ii |3;|33|34|3iH6 l )r|3e|39|4Q | , i 4?, 4ij.4 i 45 '461 47i 4« . 9 p o 



PROBLEM: 



Check Jump Switch 3. If it is ON, do a Return Jump to the address 
specified in Index Register 4. If it is OFF, continue the program. 



SOLUTION: 



LOCN 



'I'l'i'i'" 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



&J£l 



ifj. 



-I 1 — L_J I I j IT] 

I 



-J Li__L_ 



J LJ I I l 



'° I " I" I" I" I" l'«|ir|n |H i;o|zi|;;|;3 l ;4|; 5 | 



'«|g'|"|»|»0|»'|M|13|l<|15|3«|37; M| i. | 4Q|, | , ;; 4i | 44i45.46,47|4| : 49H0 



PROBLEM: 



Check Jump Switch 2. If it is ON, do a Return Jump to address 
BILL where it is to pick up operands from Bank 3. If it is OFF, 
continue the program. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



AlA 



Ij^MllLkL. 



' ! ' I • I' <<• i ' I ' 



I 1 ' |;°|7' j?7|!3|74|i»| ?t ;7f|;B|84H30|3i |3;[I3| 3 <|3!i|3t|37;3ll|3; l 4C l 4 , 4 2 , ' 1 , • 4 , 4 5 , 4 t , 4 7 , 4 ( ■ 41 , , p 



The A RETURN JUMP Instruction 



The A RETURN JUMP instruction is a conditional jump instruction that tests the con- 
tents of A for zero, non-zero, positive, or negative. One modifier must be specified. 

If the condition tested is true, program control transfers to a 15-bit address M where 
M = m + (V V ) in the same bank that the program is operating, i.e. , this is not a bank 
jump instruction. However, execution does not start with the upper instruction at M. 
Instead, (P) + 1 are placed in the upper address portion of the memory word and 
execution then begins with the lower instruction of the memory word. If the condition 
tested is not true, program control continues executing in its normal sequence with no 
jump being made. 

The bank term a determines the value of the operand bank setting. If it is not used, the 
current operand bank setting remains. If it is used, the current operand bank setting 
will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 
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A RETURN JUMP 



ARJ 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



2 '2 'S ' 
__l I L 



I m i I 



n — i — i — i — i — i — r 
j i i i i L 



< 



47 



23 



t — i — i — i — i — i — r 

J I ! I I I I 



2 ! 2 - S l ■ l m l I 



NORMAL 



47 



t— i — n — i 

J I V I 1 " |7g|i|4|3|2|l|0 



23 



nnr 



J L 



jj£l_ 



AUGMENTED 



COMPASS 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 




i i i i i i i 




/lifviJi ,iSi i i i i il i*.iy i*ii «iVi i i i i i i i i i i i i i i i i i i i , i i i i , 


. | 2 | J | 4 | 5 | 6 | 7 , . 


9 


1 

10 . |I2|I3 |I4 |I5 | IS | 17 p> I9|20|2I|22|23|24|25|26|27 


1 
2B|29| J0[ 31 |32)33[34|3;.|36|37|3B|39[40|4 !42|4J|44|«5|46|«7| 


• 8 "9|50 , 



Function code 



Modifier; - 
One of the 



following must 
be specified: 
ZR, zero (224) 

NZ, non-zero (225) 
PL, plus (226) 

MI, minus (227) 



S^ 



Optional, index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 
Zero if omitted. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



td bit not programmable 
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ARJ 



A RETURN JUMP 
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FORMAT: ARJ, ZR (a)m,v 

NZ 

PL 
MI 



M = m + (V ) 




Use Lower 
Instruction at M 
as Next 
Instruction 



o 



Was \ No 

Instruction 

Lower? 



Yes 



Use Lower 
Instruction at 
(P) as Next 
Instruction 



Use Upper 
Instruction at 
(P) +1 as Next 
Instruction 
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S 
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I 

O 
N 



ARJ, ZR Return jump to M if (A) = 0, otherwise continue 

ARJ, NZ Return jump to M if (A) f 0, otherwise continue 

ARJ, PL Return jump to M if (A) > 0, otherwise continue 

ARJ, MI Return jump to M if (A) < 0, otherwise continue 
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ARJ 



PROBLEM: 



A Return Jump is to be taken to address TOM if A is zero. If not, 
continue the program. What instruction will do this ? 



SOLUTION: 



LOCN 



i ; i ' i" i» i <■ •■' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



piRiJi 7 i?i/? T\p\t1\ 



i i i i i i i i 



! ° l " ' ' 2 i ' 3 "' l l5 l " l "' !e l l9 l zo l ?i l"i" l " l" l »l "l"l»H°l"li;|»u«H5 l » ! i,|,ei»i4C| < :«;;»!., |4 5 ,«ei» T |....9 l5J . 



PROBLEM: 



Do a Return Jump to address ROOT if A is positive. If A is 
negative, continue the program. 



SOLUTION; 



LOCN 



i'i »i*i'i'i' !■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Q.ZJ>y?L, 



i I \R\@\0\T\ I I I I i , 



-' ' r ; l ' 3 l i ' l " : i6 l l, l ,, r^ '°l" l "l"l"l?5|iM»|!»|.9UO|3 M 3 ; |31| 3 .|3 5 | 1 6H> 1 i8| i 9 i .0 i 4 , 4 ; | 4 3 | 4 . , . , , . 6 ■ 4 , | 4 ■ „ , , 3 , 



PROBLEM: 



Do a Return Jump to address ANS modified by Index Register 3 
if A is negative. If A is positive, continue the program. 



SOLUTION: 



LOCN 



-1—1 I 1 I L_l_ 



'' ' ' ' I' > 6 l 7 " 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MjlyLMlIl 



JLOLSi^ilL 



I .1 j 12 ii] I 



, | " | "|"l" l " l '°l" | »|iM » l» l »l"l"l»H°H'|3'l»|»4|»| 3 «nr| M|!> |40|. i 4P|. Ji 44,. S ,, 6| .T|„ .„ i0 



L_L 



PROBLEM: 



Do a Return Jump to the address specified in Index Register 4 if 
A is non-zero. If A is zero, continue the program. 



SOLUTION: 



LOCN 



OPERATION. MODIFIERS ADDRESS FIELD 



i'i 3 '*" 



COMMENTS 



MA^iL.^_l^ 



J— J — LljlTiij |__l L_I_L_LJ_ 

I 



* ; "!'«|"|l«|H |?0;Z'|;;|23|g4|; > |g 6|?7|; l |?, | n,|l, |M |3 l| 1 . |i5|3 e | a^ | i, ;3 , l 4 0| , ,.; ,4^. . .;|, 6|4; ,„ 4,, ±1 
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The Q RETURN JUMP Instruction 

The Q RETURN JUMP instruction is a conditional jump instruction that tests the 
contents of Q for zero, non-zero, positive, or negative. One modifier must be 
specified. 

If the condition tested is true, program control transfers to a 15-bit address M where 
M = m + (V V ) in the same bank that the program is operating, i.e. , this is not a bank 
jump instruction. However, execution does not start with the upper instruction at M. 
Instead, (P) + 1 are placed in the upper address portion of the memory word and 
execution then begins with the lower instruction of the memory word. If the condition 
tested is not true, program control continues executing in its normal sequence with no 
jump being made. 

The bank term a determines the value of the operand bank setting. If it is not used, 
the current operand bank setting remains. If it is used, the current operand bank 
setting will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 
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F 
O 
R 

M 
A 

T 



Q RETURN JUMP 



QRJ 



MACHINE 



May be an 
upper or 
lower "^ 

instruction 



47 



23 



2 i 3 i S i 



m 



j I 



i i — i — i — i — i — r 
j i i i i i L 



47 



23 



"i — i — i — i — i — i — r 

J 1 ! I I I L 



2 I 3 i S I i "^ 



NORMAL 



47 


t 




23 







*M 


1 u 

1 v . d . ° 


1 


2; 3 ; s ; 


. ™. 


1 



AUGMENTED 



COMPASS 




LOCN 




OPERATION. MODIFIERS ADDRESS FIELD COMMENTS 


i,i.. 




Qi/ViJijiS] i i i i iCi*-J r>*i »iPi i I I I I I I ! I i i i i : : 


1 |J|J|«I»|S|'I» 


9 


! 

0[,i;i;[iJ|,4|i5!6|i'|:8l'9|?0!?i|?2|?J|2«|2S|Z6[??|ZB|Z9|5O|1i|i?|!3|5«|35|36|37|JB|!9[4C:« i: 4 l ,■> 4 * ^ ; * l a 7 , *9 *9,5J 



Function code 



Modifier; ■ 
One of the 



following must 
be specified: 
ZR, zero (234) 

NZ, non-zero (235) 
PL, plus (236) 

MI, minus (237) 



W J 



Optional, index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 
Zero if omitted. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



d bit not programmable 
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QRJ 



F 
L 
O 

w 
c 

H 
A 
R 
T 



Q RETURN JUMP 



FORMAT: QRJ, ZR (a) m. v 

NZ 

PL 

MI 





Enter 



D 
E 


QRJ, 


ZR 


S 
C 


QRJ, 


NZ 


R 
I 


QRJ, 


PL 


P 

T 


QRJ, 


MI 


I 






O 






N 







/ZR \ No ,/nZ N \ No / PL \ X„ 

Specified?J *\ Specified?^ ^Specified?/ 



A! 



(Q) = 0: 



(Q) 1 0? 



o 



No 



(Q)> 0' 



No 



w 





O 



Yes 



M = m + (V ) 



(Q) < 0? 



MD 



O 



o 



Yes 



6 



(P> + 1 - M UA 



Use Lower 
Instruction 
at M as Next 
Instruction 



Instruction 
Lower? 



No 



Use Lower 
Instruction 
at (P) as Next 
Instruction 



Use Upper 
Instruction at 
(P) + I as Next 
Instruction 




Return jump to M if (Q) = 0, otherwise continue 

Return jump to M if (Q) t 0, otherwise continue 

Return jump to M if (Q) > 0, otherwise continue 

Return jump to M if (Q) < 0, otherwise continue 
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E 
X 

A 
M 
P 

L 

E 
S 



QRJ 



PROBLEM: 



A Return Jump is to be taken to address HODGE if Q is zero. If 
not, continue the program. What instruction will do this ? 



SOLUTION: 



LOCN 



i i i i i i i 



n n n m« in 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



OiRiJTj.Z/? ■V.rf.p.g.g; 



■ ' i i i i i i i i i i i 



'0|ll|i2j.J|'-'l'»l'«l'7M«|l»|3O|ZI |2a|g3/3«|25 | g»lgT|;a i ;?|IO|3.|»gj3a|a<|3S|H.U7|3a|a9|»0H,|42| < 3|.-.|.l|46|4T|»«|»9|5O 



PROBLEM: 



Do a Return Jump to address PODGE if Q is negative. If Q is 
positive, continue the program. 



SOLUTION: 



10CN 



i i i i i i ,. 



|2|3|4|«|I|7|I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



QiflJ^ffil Ptf>D<6£, 







i i i i i i i i i i i i i i 

i 



10 ! II |I2 H|l< |l»|H|i 7|i»l'»HO|»'|M|»mi»He|i7|il|»l|10UI |32|l3|34|35|]»|)7|3«|39|40|4i | 42 |43| «< | 43 | 41 | 47 | 4 t | »»| 5 Q | 



PROBLEM: 



Do a Return Jump to address SMODGE modified by Index Register 1 
if Q is positive. If Q is negative, continue the program. 



SOLUTION: 



LOCN 



i— i 



I"" 1 """" 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



QiPJ,j J> t L , , , .S.M.ftDgf, ,1. 



■ > ' x ' i i ' ' i i i i ' i i i i i i i i i 

i i 

"' l " l " | l> | l, |"|"l IT l"l'»l"l"|i2H3|»4|M|liH 7|iimuo l 3i|32|33|34|l»|3«|37m|3»|40|4. |4»|«3|44|4 ) |4€|47m|4tH0 l 



PROBLEM: 



Do a Return Jump to the address specified in Index Register 5 if 
Q is non-zero. If Q is zero, continue the program. 



SOLUTION: 



LOCN 



■ '''''' 



I » I 3 | 4 |» |I | 7 | I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



QiffJiyA/i Zi i i i i ?l 5T 
i 



i i i i i i i i i 



i i i i i 



iii 



"I'il'Ili' l'I|'7|II|l l|ie|ilHi|23|»4H»|8I|;7|I«|il|30|3i |3Z|3»|34|33|3I|37|HH»|40|4. |I»|43|44|4»|4I|47|4I|4»H 
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The SELECTIVE STOP/RETURN JUMP Instructions 

The SELECTIVE STOP/RETURN" JUMP instructions are conditional stop instructions 
that test the three stop switches to see if they are ON or OFF. There is one stop 
instruction for each switch. 



If the stop switch is ON, the computer will stop. When the computer is restarted, 
program control will transfer to a 15-bit address M where M = m + (V ) in the same 
bank that the program is operating, i.e. , this is not a bank jump instruction. However, 
execution does not start with the upper instruction at M. Instead (P) + 1 are placed in 
the upper address portion of the memory word. Execution then begins with the lower 
instruction of the memory word. 

If the stop switch is OFF, the computer will not stop and the return jump will still be 
made. 

The bank term a determines the value of the operand bank setting. If it is not used, the 
current operand bank setting remains. If it is used, the current operand bank setting 
will be replaced by the value a. In either case it will not affect this instruction. 
However, it could affect future instructions that reference memory for operands. 



F 
O 
R 

M 
A 
T 



SELECTIVE STOP / RETURN JUMPS 



SRX 



MACHINE 



May be an 
upper or 
lower -^ 

instruction 



47 



23 



7 ' 6 ■ X ' m 
I 1 I l i i I 



"i i i i — i — i — r 
j i i i i i i 



47 



23 



~i — i — i — i — r 

J I ! 1 L 



7'6'X' 
I I I L 



m 



J I 



> NORMAL 



47 


t 


23 









'M 


i ii i 

1 V | d | ° l^|5|4|3|2|l|0 


7 ' 6 
1 


'x' 

" i 


m 


1 



AUGMENTED 



COMPASS 




LOCN 




OPERATION. MODIFIERS ADDRESS FIELD COMMENTS 


i 1 . i ; ; ! 




«>,^iX i ! 1 i 1 1 ,("■■) > > *>} V 1 1 1 ; , 1 1 I : 


, | 2 ; 3 . 4 ; 5 [ 6 ; 7 ; 8 


9 


1 I 

C J | i . 4 ; f. : 6 | ■ •■ | B!!->i/0;?^^^|25;?4i?5|^6|^rj2-Bi?9il^|M|\^j3 3i34|^5jJ6|37;aB!J^|iC;« : ■> : 4)^4 4; 46:47,48 ■» 9 , 5 J 



Function code 
where: 
SRI = 765 
SR2 = 766 
SR3 - 767 



S^ 



Optional , index designator. 
Zero or blank, use no index 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 
Zero if omitted. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank 
Register. 



' d bit not programmable 
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SRX 



F 
L 
O 

W 

c 

H 
A 
R 
T 



SELECTIVE STOP/RETURN JUMPS 



FORMAT: SRX (a) r 



M = m + (V ) 



| Vo 






1 






/ ^^ 

Stop Switch \ Yes 
#1 On? 1 

/ 


Stop 
Computer 


r "" i 

i Restart i _^ 

~H Computer ' 

i I 


ipi * 


!- M UA 




Instruction at 
M as Next 
Instruction 















Entei^> J . 



^ Restart 

H Compute: 





1 






(P) + 


1 -M VA 




Use Lower 

Instruction at 




M as Next 
Instruction 





u 








I 










1 1 

Restart 

~*| Computer | 

i i 


(pi + 


" M DA 




Use Lower 
Instruction at 
M as Next 

Instruction 


»<^Exit 


Enter]>— 


/ N 
J Stop Switeh " \ Yes 
*t #3 On- r~ * 


Stop 
Computer 





D 

E 
S 
C 
R 
I 

P 
T 
I 

O 
N 



SRI 
SR2 
SR3 



Stop if Stop Switch 1 is on, always jump to M 
Stop if Stop Switch 2 is on, always jump to M 
Stop if Stop Switch 3 is on, always jump to M 



8-20 



SRX 



E 
X 

A 
M 
P 
L 
E 
S 



PROBLEM: 



Check Stop Switch 1. If it is ON, stop the computer. If it is OFF, 
do not stop the computer. In either case do a Return Jump to 
address SNOPS. 



SOLUTION: 



10CN 



j i i i i 



i 2 i ' i" i' i* 1 ' '" 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SM 



j_j i i i i i 



is^.p.g, 



J — i — I — I — L — i — 1 — I — L I I I I i 



101 II MZ II] I 



4|.3|'6|l7|H|H|20|2l| 22|23|24|25|Z6 | 27|26|29|30|3l|32|33H4|35|3«|37|3a|]»|40|4l I 42 | 43 | 4 4 | 4 j | 46 | 47 | 4 l| 49 | 50 | 



l—J. 



PROBLEM: 



Check Stop Switch 2. If it is ON, stop the computer. If it is OFF, 
do not stop the computer. In either case do a Return Jump to 
address POPS modified by Index Register 2. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SiJwi i i i i i i iP\0iPiS Ij A i ) i i i i i i i i 



| 2 | 3 | 4 | 5 I 6 | 7 | ■ j 8 | 10 | ii | l? I 13 |I4 | 15 | I 4 | I 7 | H | 19 | 20 | 2 I | 22 | 23 | 2 4 | 25 [ 26 | 2 7 | 21 |29|30|3> | 32 | 3 3 | 34| 35 | 36 |3 7 | 38 | 39 | 40[ 41 | 42 | 4)| 44 | 4 3 | 46 [ 47 | 4« | 49 | 30 | 



PROBLEM: 



Check Stop Switch 3. If it is ON, stop the computer. If it is OFF, 
do not stop the computer. In either case do a Return Jump to the 
address specified in Index Register 1. 



SOLUTION: 



LOCN 



i' i ' i - 1' i« i ' i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Sifla 



I Ijl-t-l I II 



! I I I i I I i i i 



_l I I I L_ 



10 | II | 12 I i] I 14 | 15 16 17 |i| | 19 | 20| 21 | 22 | 23 | 24 |25| 26 | 27 | 2«|2» |30 | 31 | 32 | 3 3 | 34| 35 | 36 |3 7 | it | 39 | 40J 4i | 42 | 43 | 44 | 43 | 4 6 1 47 | 49 | 48 | 50 



PROBLEM: 



Check Stop Switch 2. If it is ON, stop the computer. If it is OFF, 
do not stop the computer. In either case do a Return Jump to 
address SPOTS modified by Index Register 2 and set the Operand 
Bank setting to Bank 1. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



iiSA 



^4 



SMT& , 



iri'i- 1 i i i i i i i i i i i i 



121 3|< i S I 6 l T l l l 9 l l0 l l '|l2|'3|l4|'5:i6|l'jl6|l9|2012li22|23|24|23|26|27i;ai;9[3Oj3ii32|33i]4|35j36i37|39|39140|4i|42|43|44|45|46|47|4a|49|3O ! 
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NEW CONCEPTS OF GROUP 8 

When we introduce return jump instructions, we normally refer to them as being used 
in "subroutines" of the subprogram. 

A subroutine is a short routine within the subprogram that is entered from the main 
routine, calculates answers from data set up by the main routine, and returns control 
back to the main routine at exactly the point from which it left. 

A subroutine may be entered from various places of the main routine. Each time new 
data could be processed, new answers calculated, and always a return to the main routine 
to the point that it left off. 

Let's discuss in general what happens when a "return jump" instruction takes place, 
how program control enters the subroutine, and how a return is made back to the main 
routine. Assume a return jump to address SUB as shown: 



LOCATION 


(KRATION,MODIFI£RS ADDRESS FIELD 


COMMENTS 




. il :) :«li -. = T>* 


i 


„,„,„!.„.„„ 




r ! r 1 i i 


.■IclQJX, ..IBumLh 






_i_..i i i I 1 1 


i • 






• 1 1 < ! • . 


i ■ ■ i ~- - -~ -'-' — •-— — i -"- j - 

- ^1— 1— i— 1— 1— 1- 1 1 1 J— L_l i -J — 1 — J — 1 — 1 — 1 1 i •- J_i_i_L..J_. L_i.± 1 1 1 1 1 1 i i j i i , 




1 

- lu-L i , i .-i_J_J J_l_l_i_l , , _!_, U ._J_.l_l • ±_ ' ■ . 






R 


_gJX^ LJ t \smG 


..!,.,,.. 




■ ■■' i 1 i 1 -t-l 


•■ ,. i \.::r:^ ":~~ 


,.,,.,, 


*■ , , , , i , 






1 , 


..-. ^ - ■ , , .^L. ,, , ... " , , I " '" ~ ' " """" 


:. . : I : . 


.!-. ^j^_ ._. .l_. J-l;., : -'———— 


1 I i 1 i 1 I 


•,...,,.,,!.,,,,.....,.__ 






iff 6 III 


-S.4X.-L ■_■_■ J _l*lLl_L_ 1 ... i .l ..^.^ : . 


, , SgtfUAtiot ■£jfsu&K4uj£ij£f. 






.S£4j_l i .u_JSA{gl 






1 i 1 1 , 1 , 


_-_.^„,, i ! , . i 








i i i ! i 1 1 i 1 1 i 1 J....J-. i.-i _L ... _l _ L -i L j_ l | ■■ i > i i J i i < [ i ( i ■ : i < i.i 


l_L-i_' _1_J_ 


r/X to/,/?, I, 


i i \£xir: [fMn suB/ttbavLLlfr, . , 




1 1 1 1 1 1 1 


i 

i f : i i i i i i » < 1 1 1 1 1 i I i i i r i i . j | : 






—I — L_.i_J i i 1 


- i 1 1— L ..i...J._ L_L.„lJ.. Ill i i : i >. s J_i_l„j_ ; 1 ; j | 


i j I 




i 1 i 1 . i i 


_J — 1 — i — L — L...J — 1 i i I i 1 1 1 i i i i j | j j , , : i , , 






.11,(1!, 


ZUD ! .., .. . . t , ....... 


■ : i-1... ; ..I. 1 ._i..J_J. : j , j_ ; : : : 





When the return jump is executed at address P, the 15 bit address, P+l, is automatically 

stored in place of * * at address SUB by the hardware. The SLJ function code remains. 

If this instruction is ever executed, note how program control could return to address 
P+l. 
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The first instruction executed in the subroutine is not the SLJ but the STA. When the 
subroutine is finished, a jump is made to the entry address (SUB). The SLJ is then 
actually executed and the return is made to the main routine. 

If later in the main routine, let's say at address PX, another return jump is made to 
SUB, address PX+1 will automatically be stored in place of ** . From this you can see 
that a subroutine can be used at any point in the main routine and a return will be made 
to the correct address. 

Care must be taken if the return jump instruction is an upper instruction. Since P+l is 
automatically stored, a return will miss the execution of the lower instruction. For 
this reason the next instruction is usually forced upper (+ or symbol) or the return jump 
instruction is forced lower (-). 
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Problem 8; 

A subroutine is to be written so that, when entered at any time, will determine the 
largest of three unequal operands. Assume the three operands to be stored at addresses 
A, B, and C and store the maximum operand at address MAXF. 

Flowchart: 
























Transmit A 
To MAXF 








Yes 












rv 










Enter^>— 




B? 


\Yes 




C? 


jNo 


^ 


-\ 




Transmit C 
To MAXF 


) 


s / 




J 




? 




\ 






\ 


No 










\J 




(" 


C? 


V<° 








) 


















Yes 


















Transmit B 
To MAXF 
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Problem 8 could be solved by coding in the following manner; 



UttL^. 



mums. 



LOCATION 



VERXnOMMOTOS 



ADDRESS FIELD 



COMMENTS 



thA/f , , bAXJAL*£', 



llll 



EjJtjN mxJH tef, 



BSS. 



1 



B£L^ 



zri- 



Ml+ 



fAAihC^. 



l&AilsA. 



MjJd&.. 



TMjOsA- 



j£. 



SuAL 






<zS/Lx- 



:a. 



WiMlAAJce T A suM4«nd£ ,. 



.teA 



^Jfl_ 



4a3Mii-i-i-u44^eu 



IteZLlL 



mA. 



Sttfi_ 



_ia. 



MP^&L^jOMM^ 



IDA 
.aza_ 



kQ/L 



ira. 



ii3L^_ 



yi4_ 



JM&L 



t LX 



.&*&£. 



jiLi_ 



1/M*£. 



j£Md£^. 



Jt 



■ ?( /, fl 



J£. 






_j£M*feL 



jr&kysi 



^4. 



J4- 



.££1 



;L4ix 



>WX£ 



_£j5> 



[&4t 






ffi 4H«iii^iiMia5*« !»!»*;»: m w 



-L_L-L....i.„JL....i— 1- 



._! J L I t — 



Ji^Z^L 



'£M£JML$UJLUl£- 



jg x i f S UM&iIIaSL 



&&££. 



%di.'^M^i^^Llil-J^^. 



Somewhere within this subprogram would also be included the symbols A, B, and C 
in the location field with a declaration of the prestored data or the area reserved. 

Student Problem 8A: 

Solve problem 8 finding the smallest operand. Store at address MENTF. 



8-26 



Flowchart: 
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Problem 8A could be solved by coding in the following manner: 



LOCATION 


H>ERATION,MODVeS 


ADDRESS FIELD 


COMMENTS __j 






„.,„,„,„,„,,,„,„ .„,«,.„ .„.»..,.! 








■ : : , .. = ■,, = i , LA I i 


-^.-^■- 


.._L..J_.. i_ .: i ._L.....L.~ A— A....1...L ■-..-. ! . 




r l _ l l _^ j_ , . 




■ ■ i ■--■■. = i i'li' 




| , ^ \ 


, . , , . L . , _ l _ i . i , 1 _ l i A , j__. _ _. 




_J j_ , , i 1 ! . i 1 ■ 1 1 !. 1_1 J_ .. J..J.J_.i < -_'J 






1 ' ■ III 1 i J 1 i_i 


, , 


< ■ ■ ■■ i_ ■ : i ■ L- 1 J X ' ; ' ' ■■ ■■— 1 * i_ i- 






■■■■-■•■• _L <■■■■■ J. > i • -1 1- L- 






,,.:-[■•;:■ 






,,,... , . . . i . , , j , | | 






, ■ ■ , , ■ , ■ : . i i ■ i I , 1 t ! 






,..,..., !_. 








; ' 1 1 1 1 III i L. 1_J A. J — ! — 1 — 1 — 1 — 1_ J — 1 '-L.-L.J. : J.-J-..U. 












. 




1 1 I I 1 i i i ! i 1 i 1 1 ! 1 1 1 ! 1 i 1... 


I .i i i_l_„> 1 ; .!. i -!_' l_i_L..' .1 ' 1- J— 1-1- 4_i_ 






l_I_I_l_l_i_l._L-l_J--i_' i ■- -Li > — 1 — ■ J_l_l_l_l_l_L.-l_l_l_l_l- 






. . , . , > ' L i_J_i 













, , , _j_ , . , , . , _j_ : XJ _ 




■ L 


L _^._LJj_i>Li_i_Li„> 




\ i ' ( ; 1 > 1 ' 1 : = i _i_> 


.,,,,,...,, 












: . i , : , j : , : . : , • : ^_: : j * _^ 






,,.,,, 


j . : : : : 1 1 1 1 I I i ' I i 




| l ■ = = 1 : I i ! 1 


1 : i = i _L ' J i I I i ...j 1. i....i.j L. _L. ,i_..l.. :.. ...:■ .i~J -i- L_l_i_ 


• L_ 














1 ■ 1 ( ■ ■ ■ | > 


l....J_..J l l l l l 1 i i i i i 1 i i_. J i i I i 1 j. — i — I — t — i — 5 — L™i — L_ 






L i ' ' ' ■ i i i i i ' i i i : 






! j ' -i | i ■ i i i ■ >_ i 






. J_: 


1 i _, ' u ^ • ■ . J_l_i ■ j_. i 1 ■ i ' 




- j- - 




j - - ■- " ; " ; - - " - '- ' -■-'■- "-'■ 


< 1 ' 


; ; , | :.,,,, , I , ■ , , ■ II 


1__ l_i_i X_1...J... _ i _' L.-i... .1 1.. '_' _i- L i ..... j... ^ .J J. --J — I 



8-28 



GROUP 9 
REGISTER JUMPS 



GROUP 9 
REGISTER JUMPS 



1. Register Jump RGJP 

2. Non-zero Bit Jump NBJP 

3. Zero Bit Jump ZBJP 



This group of instructions consists of conditional jumps, conditioned on the contents of 
any operational register. If the jump condition is satisfied, a jump is taken. If the 
condition is not satisfied, the program continues. 

The first instruction tests any operational register for some relation to a given value. 
This relation can be one of many used in pure and applied mathematics. 

The other two instructions test any bit in any operational register for being in the set 
("1") or clear ("0") state. They commonly answer the "y es or no " or "true or false" 
questions. 
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The REGISTER JUMP Instruction 

The REGISTER JUMP instruction is an instruction that compares the 15-bit value y with 
the contents of any specified register. The designator p specifies the register compared. 
No memory reference is made. 

There are eight possible comparisons that can be made. One of the modifiers must be 
specified. They are as follows: 

Comparison 



Modifie 


r 


1. 


EQ 




2. 


GT 




3. 


LT 




4. 


NE 




5. 


LE 




6. 


GE 




7. 


LT, 


D 


8. 


GE, 


D 



V 

Y 



Contents of p equal to 

Contents of p greater than 

Contents of p less than > 

Contents of p not equal to y 

Contents of p less than or equal to y 

Contents of p greater than or equal to y 

Contents of p less than y 

Contents of p greater than or equal to y 

If the comparison is true, program control transfers to a 15-bit address M where M = 
m + (B b ). If the comparison is not true, program control continues to the next 
instruction. In either case all registers are left unchanged, except for the possibility 
of the last two modifiers being used. 

With respect to the last two modifiers additional features are incorporated. When the 
comparison is made, and it is found that the contents of p are less than y, the contents 
of p are decremented by the operand y before going on to the next instruction. 
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REGISTER JUMP 



RGJP 



F 
O 
R 

M 
A 
T 



MACHINE 



47 






23 









6J2 


1, 1 
I 5 1 


y 
1 1 - v 1 


I 1 
ll S | 


1 
P l 


m 

i i i 


1 



COMPASS 




LOCN : JOPERATION. MODIFIERS ADDRESS FIELD COMMENTS 


1 j i 

i : s ! i i i | Ki6j JiPiiiEifli i I it,, iVi ,irniA it i i i i i i > i i : < i i i i 


1 

ii 


1 I i 1 i^l'i 1 i 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 i I I i 1 i i i : ' ! 


ii i i i i i | 


1 1 1 1 i'-l^l 1 I 1 1 1 I I I i : 1 


i,i 




i ! 1 i |i-|T: . . ; : i ' 1 . 1 1 l 1 1 ! : : : : 






C F 


■■ii 


1 i ! i l/f|f| | | | | | | | | | | III! | 




LT D ' 

■ ' i i- i 1 U . ' 1 " t/ . ' 1 ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 ! 1 1 ■ ' , 


i i i I : : 1 i i 1 ifritmL'i i i | i , i i 


' ! ? l J l*l 5 ' 6 i'| 8 


9 


| ' ! l ?! , ij*i , 5;'t|i']aii9 i ?c:?'?3;:Tjj4|?Mpe|?7|je|?9|3U|)i|3f|3S|)4[J5|36|3'|i8|J9;4C l < *!<!:" 4t46'47|4e ^ 55 



Function code 



Modifier: 
EQ (p) = y 



GT, (p)>y 
LE, (p)< y 

LT, (p)<y 
GE ; (p) >y 
NE, (p) f y 

G5;S(?)>^<P)-y-Pfor(p)<y 




-Optional, index designator. 
Blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 
Zero if omitted . 

Actual operand compared. 

Mnemonic for specified register 
compared . 



RGJP 



rfgtster jump 



FORMAT: RGJP, EQ;GT;LE; 
LT;GE; 

NE:LT.D;GE,D 



M ■ m 4 <B"> 



F 
L 
O 

w 
c 

H 
A 
H 
T 




&— 



©- 



Use Upper 
Instruction at M 
aa Next 
Instruction 



Use Upper 
Instruction at 
(P) + 1 as Next 
Instruction 



D 

E 

S 

c 

R 
I 

P 
T 
I 
O 

N 



RGJP, EQ 

RGJP, GT 

RGJP, LT 

TIP TT~) T "IT 

RGJP, GE 

RGJP, NE 

RGJP, LT, D 

RGJP, GE, D 



Jump to M if (p) = y, otherwise continue. 
Jump to M if (p) > y, otherwise continue. 
Jump to M if (p) < y, otherwise continue. 
hirrm to M if (d) < v. otherwise continue. 
Jump to M if (p) > y, otherwise continue. 
Jump to M if (p) + y, otherwise continue. 
Jump to M if (p) < y, otherwise continue. 
Jump to M if (p) > y, otherwise continue. 



\h>.; :\ (p) if (p) <y. 
Mn I..fy <p) if (p) <y. 
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RGJP 



E 
X 

A 
M 
P 

L 
E 
S 



PROBLEM: 



Check to see if the A register contains 33 octal. If it is, jump to 
address ENDCARD. If not, continue the program. 



SOLUTION: 



10CN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



JjGJP r £Q„ | , ,/?,,. 3 3,$,.,€.N,DC,# i /? L p 



j i i i i i i . 



2 1115:6 ^fliS'O! ■::;■}: 4 •, ■ ' 6 



■»:.-|"l'»l"i' dlll2liiAll^ '<■■' ',i«|»i»"l' -.irjil |»4|J5|lt ,17 j,.,,,, .; . . 4 ; , 4 j, , . 4 , 4 5 ; 4 «, ; 4 7 , 4 | . 4 9 , 5 Q 



PROBLEM: 



Check to see if the D register contains 100. If yes, jump to address 
GETUPP modified by Index Register 4. If no, continue the program. 



SOLUTION: 



LOCN 



jOPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



■RGJM j&Q, , i <n r 10,O: y 6eTU i p.P ± ^j 1 



J l_l__J ._ 



! Z ■ 1 I 4 ! 5 I fc ■ 



9 i : ° I " T 2 I' 3 ! 1 * ] ' 5 "6l" , l ! B I 19 | ^ j g ,^^i?iig4|?5|g6;^^;8 1 ;9 1 iOpi [l?!)] [34| 3S| 36 ,3 ' 



PROBLEM: 



Examine the contents of the A register. If less than or equal to 
nine, jump to address NUM. If greater than nine, continue the 
program. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



R&J&JrA , , 'Ay. l.jMUM, 



°l ' i ! 'i"i'<r>r«[ 



■ | iB j :9 , ZO\2: L ^2|23|;4[?» | gfe | ?7 1? e ,29 j iOJ 1. |i? j 3 3 | 1 4 | 35 | it, | j 7 ; 3B | 3 9 I 4 ; . ■ 4 j? | 4 ; ■ a 4 | 4 5 ■ ■ 



PROBLEM: 



Examine the contents of the Q register. If greater than or equal to 
50, jump to address OVER. If not, continue the program. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



4- 1- 



COMMENTS 



J 1 L_^l_ 



.B&JifijiGtEt i i l<gi J ;5iO !j i<^iV f ig lt R. 



1 I I I ! I 



I ' ' * I ' I 6 I ' I ' I 9 |-°l ' '";''!" I'' l'«l^r »l'»l?°;^ l :!g[g3|;«|Zi|it|g' ! ;in»|iO|i. |iz|H| »«| i» | 36,»f jie |i9;«oi< |<; l<t |«4,4 i |. t |<7|«i 49,5 



The NON-ZERO BIT JUMP Instruction 

The NON-ZERO BIT JUMP instruction is an instruction that tests for a non-zero bit 
at any specified bit position, designated by g, in any specified register, designated by 
p. No memory reference is made, 

If the specified bit is in the set state (binary 1), program control transfers to a 15-bit 
address M where M = m + (B b ). If the specified bit is in the clear state (binary 0), 
program control continues to the next instruction. In either case, unless a modifier 
is used, the bit is left unchanged. 

There are three modifier options available that could change the bit after the type of 
exit has been determined. They are ST, CL, and CM. ST means that the bit is to be 
set as the exit is taken. CL means that the bit is to be cleared as the exit is taken. 
CM means that the bit is to be complemented as the exit is taken. 
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NON-ZERO BIT JUMP 



NBJP 



F 
O 
R 

M 
A 
T 



MACHINE 



47 












2 3 







6 


3 


1 


P 


;/: 


% 


II ■ A 

i G pxx,/, 


I im , 


l 



COMPASS 




LOCN 



OPERATION MODIFIERS ADDRESS FIELD 



COMMENTS 



__, fi . fl ___iL > __L-l-__---. f i j ig;,_ ! 2>L. > LJL-. _ 

' .C_L ________ 



J 1— i i__i._j_l_._l... i. i__i ._i_._i._J I l_ 



_J__J L_L_1_L 



Cm 



J L.j i_.i_i 



- - ■ - - i 2 



_____________ 



Function code 

Optional j modifier 

Blank, bit 
remains unchangec 

ST, set bit 

CL, clear bit 

CM. complement 
bit 




. . . . k, i . 



.1_|,6|_. i.Bt-9140,4 t___lli___t-----_ '"I' 



Optional, index designator. 

Blank, use no index. 

1-6, use relative addressing. 

Optional, base address. 
Zero if omitted. 

Bit posit on in a register, 
Range, 0-47 

Mnemonic lor specified register. 
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NBJP 



NON-ZERO BIT JUMP 



FORMAT VBJF -ST 



M - ra + (B"> 



F 
L 
O 
W 
C 
H 
A 
R 
T 




U»e Upper 
Was .lump \ „ Instruction at 

Condition U*-5»* M as Next 

Met ■> / Instruction 



Hi? 
to 



He 



Use tipper 
Instruction at 
(P) + 1 as Next 
Instruction 



D 
E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



NBJP Jump to M if bit set, otherwise continue 

NBJP, ST 1) Jump to M if bit set, otherwise continue 

2) Always set bit after check 

NBJP, CL 1) Jump to M if bit set, otherwise continue 

2) Always clear bit after check 

NBJP, CM 1) Jump to M if bit set, otherwise continue 

2) Always complement bit after check 



9-8 



E 
X 
A 
M 
P 
L 
E 
S 



NBJP 



PROBLEM: 



Examine bit 46 of the D register. If a "1", jump to address READO. 
If a "0", continue the program. 



SOLUTION: 



LOCN 



i i i i i i i 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



A/ifljy. ig l , l ?.6,. l flf l /9/> l tf, 



i i i i i ' i ' ' i i i i i i i 



| 2 | 3 | 4 | 3 6 | 7 | . | a | i 0| n |i2|U|[<|H|H|IT|H|HH0Hi| 3a|»»|a4|»H«|I7|2 l mH0|Si|»a|3i|3 < |3i|31|37|M|H|«0|4. | 42 | 43 | 44 | 4 3 | 4 6 | 4 7 | 46 | 48 | 50 | 



PROBLEM: 



Examine bit 14 of Index Register 1. If a "1", jump to address 
WRITEON1. If a "0", continue the program. In either case clear 
the bit after it has been examined. 



SOLUTION: 



LOCN 



i i i i i i 



i" " 4 " i' i 7 " 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



6LM1P1+&L 1 1 M^A^miLLiM^ 



1 ' 







10 I II |H|I»I'4 |l» |I«|I 7|I»|H |20|2l|22|23|a4|25|26|a7|26|2»HO|3l|3a|33|34|35|36|37|38|39|40|4l | 42 | 43| 44 | 45 | 4 6 | 47 | 48 | 4» ,50 



PROBLEM: 



Examine bit 10 of the Q register. If a "1", jump to address 
SWITCH modified by Index Register 3. If a "0", continue the 
program. In either case complement the bit after examining it 



SOLUTION: 



LOCN 



i i i i i i 



I'HI'HIII'H 



OPERATION.MODIFIERS AODRESS FIELD 



COMMENTS 



fligjPij iCM , , !g, Jl i,o, J ,5.if l r,r,g^ 



j — i i i i i i i i i i i i i i i i i i i 



'1" l"l"l l «l'»|H|'7|H|l»|aOHi m i»»H4H»H»HT|iim|3ll|3iHi|33|34|35|3«|3T|31|39|40|4i |4Z|43|44|4i|4 t |4T|4l|4»H» 



PROBLEM: 



Set bit 5 of the Interrupt Mask register and continue the program. 



SOLUTION: 



LOCN 



(OPERATIONJODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i 



"■" 



A/iffi^ST, , , !i//, ,r 3 ■*■+■! 



1 I 1 LJ I i I I 



I I I I I I i I I J 



10 I II I II I 13 I 14 I 15 |l«|!7|ia |l»|IOHI|28|a3H4|i3|a«H7|8»H»|30|3i | 32 j 33 | 3 4| 35 | 36 | 3 7 | 36 |33|40|4i | 4g | 4j| 4 J | 4 j | 4 6 | 47 | 4| | 43| 30 | 
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The ZERO BIT JUMP Instruction 

The ZERO BIT JUMP instruction is an instruction that tests for a zero bit at any 
specified bit position, designated by g, in any specified register, designated by p. No 
memory reference is made. 

If the specified bit is in the clear state (binary 0), program control transfers to a 15- 
bit address M where M = m+(B ). If the specified bit is in the Set state (binary 1), 
program control continues to the next instruction. In either case, unless a modifier is 
used, the bit is left unchanged. 

There are three modifier options available that could change the bit after the type of 
exit has been determined. They ST, CL, and CM. ST means that the bit is to be set 
as the exit is taken. CL means that the bit is to be cleared as the exit is taken. CM 
means that the bit is to be complemented as the exit is taken. 
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ZERO BIT JUMP 



ZBJP 



F 
O 
R 

M 
A 
T 



MACHINE 



47 


23 







l 1 1 
6 ,3,b, 


1/1 1 1 1 A 


1 ^ 


I 



COMPASS 




LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i i 



^iBiJPi^iSiTi 



/ > i ? ' g ' j ' 7 * ' 7 ' (> ' 



i i i i i i i i i i i i 



i i i i i i 






i i i i i 



I I I I .I<-IM I I 



&U. 



I I I I I I I I I I I I I 



I I I I I I 



i i i i ikiLL i 



C,rti 



I I I I I I I I I 1 I I I I I I I I I I 






I' I » I • l» I'l' I ' 



iO|ii I <Z I 13 I ■« I '» l"t"l" l'» 



2O|ZI|g2|23|Z4|g5|;6|?r|?B|?9|3O|3l|3g[33|34|3S|36|37|3B|39|40 



4 |48|4 i |44|«»|«»|«7|4»| 



Function code 



Optional, modifier - 

Blank, bit 

remains unchanged 

ST, set bit 

CL, clear bit 

CM, complement 
bit 



Optional, index designator. 

Blank, use no index. 

1-6, use relative addressing. 

Optional, base address. 
Zero if omitted. 

Bit position in a register, 
Range, 0-47 

Mnemonic for specified register. 



9-11 



ZB.TP 



F 
L 
O 
W 
C 
H 
A 
R 
T 



D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



ZERO BIT JUMP 



ZBJP 

ZBJP, ST 

ZBJP, CL 

ZBJP, CM 




V'""-" 


/ 




Yes 





-<E^)-KD 



6- 



Was Jl 
Cuntlit 

\ 


mp \V 
u;> Met 5 J— 

_J 




Use Upper 
instruction Al 
M As Nc\1 






v. 








Lac Upper 
Instruction At 
(F) -1 As \-f?*t 
Instruction 













Jump to M if bit clear, otherwise continue 
1) Jump to M if bit clear, otherwise continue 



2) Always set bit after check 

1) Jump to M if bit clear, otherwise continue 

2) Always clear bit after check 

1) Jump to M if bit clear, otherwise continue 

2) Always complement bit after check 
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ZBJP 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Examine bit 23 of the A register. If a "0", jump to address 
LOWERPT. If a "1", continue the program. 



SOLUTION: 



LOCH 



i i i i i i 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



ZM5 



It/Wl' I III! L 



AyZ&jxLptf&RiPTi 



i i i i i i i i i i i i 



H I 3 l« !» H I' 



I I 

l °l"l' ; l' 3 l'*l"l' 6 l l7 i l 'l l »|g°l^ l |gZ|^3|g«|g5|26|Z7i;»|Z»|3O|3l|lJ]UU4|I5|36|37|3B|J»|^CI|<i|«3 | <3 i <«|<5|«6|^7|<e|-'9|!!0 



PROBLEM: 



Examine bit 39 of the D register. If a "0", jump to address 
NEXTPARAM modified by Index Register 4. If a "1", continue 
the program. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




~Z&\^\P\ i D\jJfl\y\NiE\X\T\P\A\R\/l\/i\-\4\ i i i i i i i i i 


, |! | JH |9 |S |T . 


9 


i ' " i 

10 | II | 12 | 13 | 1. | 15 jlfi | I7|IB | 19 | 20 | Z ' |22|23|24|23| 26 | Z 7 | 2 B | 2 9 | 30 | 3 1 | 32 | 33 | 34| 33 | 36 (3 7 | 3B | 39 | 40| 41 |42|4J|44|43|46 


47|*«|*9|S0| 



PROBLEM: 



Examine bit 13 of Index Register 3. If a "0", jump to address 
PARERROR. If a "1", continue the program. In either case 
clear the bit after examining it. 



SOLUTION: 



LOCN 



i i i i i i i 



I'l'I'I'I'I'H 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



Zig.JTflj.dl, i , s &3^U-3i r P^RxE&R4fcy I , 



-j i i i i i 



i 

"* I " I" I" I 14 I" l'«l "l"l'9|20|2l|22|23|24|23|2«|27|2»|29|3O|3l | 32 | 3 3 | 34| 35 | 36 | 3 7 | 3» | 39 | 40| 4 I | «2 | 4 3 | 4 4 | 4 5 | 46 | 47 | 4» | 49 | 50 | 



PROBLEM: 



Set bit 1 of the A register and continue the program. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 


COMMENTS 


i i i i i i i 




i?ii7|j|/i j |5|T i i i i/ij ili^ i#i+iJ| | | i i i i i 


l |2 | 3 |4 ,3 |6 | 7 |. 


9 


IO|H|l2|l3|H|l3|l8|l7|lB|l9|20|2l|22|23|24|25|26i27j2a|29|30j.3l 


i 

|32|33|3 4|33|36|37|3BJ39l40|4i|42|43|«4|45|46|47|4||49|5O| 



NEW CONCEPTS OF GROUP 9 

The three instructions in this group check a bit or a quantity in a register. Any oper- 
ational register can be checked. This includes A, Q , B1-B6, D, P, and bank registers. 
Since no memory reference is made, these are termed fast instructions. 
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Problem 9; 

A table of 100 random integers ranging from -100 to +100 is in memory starting at 
address FLUX. Write a subprogram that will pick out all integers between but not 
including -5 and +5. Store them beginning at address RANGE. 



Flowchart: 




Examine First 

Or 

Next Number 



Number > -5 



\Yes 



No 



Store Number 

Starting 

At RANGE 



o 



No 



No 



G> 



.J 100 Numbers \Yes „ 
~*l Examined? ) " 




Problem 9 could be solved by coding in the following manner: 



LOCATION 



QPERATJOLMODreS 



8Ad££- 



l££MM£. 



i/£xiitS0.a 



itajk.. 



£L—. 



&&^.. 



, Sa&Al^ V&PA&tieL 



mm 



ADDRESS FIELD 



COMMENTS 



[ §£EMA.H£. 



Rss 






4W 



£UL 



LB4- 









J£ldDL}L 



Jsj:___., 'e_9 ■,.%.. „._ _._ _._ 

S X .T K/aCTJA^-- - 



~J?A. 



&£R4g£l£-L- 






V6^ 



.. .!_,_) I 



&W&G.£^^ 



^.M^^ 









ww.X X-.s'. ^ ... 



,-&£■• 






Somewhere within this subprogram would also be included the symbol FLUX in the 
location field with a declaration of the prestored data or area reserved. 
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Student Problem 9A: 

Solve problem 9 by using the instruction LDA, CM. Also see if you can shorten the 
number of instructions used to solve the problem. 

Flowchart: 



Problem 9A could be solved by coding in the following manner: 



LOCATION 


OPERATIfflLMODIFIERS ADDRESS FIELD 




COMMENTS 




M'I'I'I'J'1,'1' 




„..»..!.,;.„.,«,. 






i ; : ■ ■■ ■ 


i 1 1 i I i i 1 i 1 1 ! i f ! i 1 | | | | | , | ; | . 


, i i 1 ■ , , , 






1 i i , 1 i 1 


1 ' ■ _L = l__i J. J_ ■ ' ' : ' ' ■' ' ! 








tilt!!:, 






- ...i_I s i i i = I : J. ■ _i_.._L I i i i : i... : t > ■ '_J_ ! 








■ i : . : 


■ i i ' •■ ■ ■- i ' 1 , ' i i ' - ■ i • • ■ ■ ■ i i 


! 






' : 1 i i 1 ! 


, ; ; . , , . , ,J -. , . . j 


I _ L _ L : 










i ; i i ! i i 








1 i 1 i 










i i ....; iii! 




i ! ! 




1 ■■ ! i 1 1 1 


! ! = ! i ] ; 1 i I 1 = 1 > i = j- ! : j : . .; j 


! 






■-1 1 A-A-L * 


. ,.^..., ; ; • i , f 1 , i i , , , ,. t „i_ L _ 1 ^ , =..._,__,_ 








I i i i 1 i i 


! 1. 1 ; i. i ! 1 i 1 1 ! 1 1 ! Ill !. L .< .' .= •■ _L L_i 








■■ 1 ! 1 1 1 1 










1 i i i i 1 1 




: i i ' * i i 


. ■ ■ U^. ^Ilx^.^1^ 1 ^ , 1 
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GROUP 10 
BANK JUMPS 



GROUP 10 
BANK JUMPS 



1. Execute 

2. Unconditional Bank Jump 

3. Bank Jump Lower 

4. Bank Return Jump 

5. Bank Jump and Set Index 



EXEC 
UBJP 
BJPL 
BRTJ 
BJSX 



This group of instructions is the only group that has the ability to transfer program 
control to another bank. 

The first instruction allows a maximum of two instructions to be executed from another 
bank. The second instruction transfers program control unconditionally to another 
bank. 

The third instruction is the only instruction that will transfer program control to the 
lower instruction in another bank or within the same bank. 

The last two are both bank return jumps; however, the last one allows the programmer 
to easily place parameters in a subroutine. 



10-1 



The EXECUTE Instruction 

The EXECUTE instruction is an instruction that executes one 48-bit or two 24-bit 
instructions at an address M where M = m + (B ) + (V ). 

If the bank term a is used, the operand bank setting is replaced by the value a. If the 
bank term is not used, the operand bank setting remains. 

The Instruction Bank Register and the P Register do not change for this instruction even 
though program control "seems" to transfer to address M. The instruction(s) are at 
address M in the bank specified by the operand bank setting. This is the only exception 
to the normal rules for the instruction bank setting and the operand bank setting. 

After the instruction(s) are executed, program control resumes at (P)+ 1 which is the 
instruction immediately following the EXECUTE instruction. 



10-2 



EXECUTE 



EXEC 



47 



MACHINE 



23 t 



«: » ib v ://///:^ztt 



m 
j i i i i 




LOCN 



i i i i i i i 



i 2 1 » i * i» i « i ' i > 



OPERATION, MODIFIERS ADDRESS MELD 



COMMENTS 



E'XE.C, 



|(|«-|7|3»I ? |/>I j|V| 



I I I I I I I I I I I I I 



J 



Q | " I "l li l l, l "r«l"l"l^|3°[ = '|g3|"l'"l»|gs l ; 7 |;e|;3iio|3i|i;|3i l ; < |!i 5|3t| ;f|i e |i 9|a0| , l|4 , |<1|44|<5| „ |<7|<8|4; , [a0| 



Function code- 



w 



'-Optional, second index designator. 
Blank, use no index. 
1-6, use relative addressing. 

-Optional, first index designator. 
Blank, use no index. 
1-6, use relative addressing. 



-Optional, base address. 
Zero if omitted. 

-Optional, bank term used with 
base address. 



f d bit not programmable 
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EXEC 



EXECUTE 



FORMAT: EXEC 



(a)m, b, v 



M 



(B b ) 



+ (V) 



F 
L 
O 

w 
c 

H 
A 
R 
T 




Execute 
Instruction 
Or Instructions 
at M* 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 




* Maximum of two 
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T EXEC 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Execute a pair of instructions at address SOPTS. 



SOLUTION: 



LOCN 



i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



tiXitiCt 



Jhjh 



EJ& 



I — L — i — I — I l-Wri '|J ii! ii! || 



l'i'i«l»i«i'i» 



10 I u 1 1; 1 13 1 14 in |i« | if |i8|i9|20|»i|i»|2l|»4|l»|»«|l7|2i|»i|50|5i|3a|»i|54|3a|3«|»T|3aM»»l«ii|4i |42 |43|44|45|4ii|47|48|49|30 



PROBLEM: 



Execute a pair of instructions at the address specified in Index 
Register 1. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i I i i 




fclAIClCl 1 1 1 1 1 1 . |i| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I | | | | | | | | | | | ! | 


1 |2 | 3 |4 |3 6 ,7 |. 


9 


1 ' 1 

10 | ll |I2 | 13 |I4 |I5 |I6|I7|I9 1 19 | 20 | 2 1 | 22 | 23 | 2 4 j 25 | 26 | 27 | 25 | 29 | 30 | 3 1 | 32 J 33 I 34| 33 | 56 |3 7 | 58 | 39 | 40| 4i |42|43|44|45I46|47|48|49|50| 



PROBLEM: 



Execute a 48-bit instruction at address TAB modified by Index 
Register 2. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 


COMMENTS 




ii 




.mXi£iCi i i i i i iT\A\B\^iQ.\ i i i i i i i i i i 


i |2 | 3 |4 |t | t |7 | 8 


9 


i 

10 | II |I2 |I3|I4|IS |l« |I7|I8 | I9| 20| 21 | 22|23| 24|25| 26 |27| 29 |29|30J3t 


i 

|3?|33|5«|35|36|37|3e|59|«.0|4i]42j13|*.4|<l5 


|46|4?|4(,|49|50j 



PROBLEM: 



Execute a pair of instructions at address PUDGE in the bank that 
PUDGE resides. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 







tiXifciCi i i i i i i m*i) \rAi\U\G\C\ i i i i i i i i i i i i i i ; i i i i i i i i 


. |2 | 3|. |3 |4 |7 |. 


9 


1 v ' 1 

l0|ll|i2|l3jl4|l3|l«|l7|l8|l9|2O|2l|22|23|24|25|2e|27|28|29|3O|3l|32|33|34|35|36|37|3e|39|«0|4i|42|43|44|45|46|47|4e|49|30| 



1 n-F. 



The UNCONDITIONAL BANK JUMP Instruction 

The UNCONDITIONAL BANK JUMP instruction is an instruction that transfers program 
control to a 15 -bit address in bank i (within parentheses). 

The jump address is M_ where M = m + (B ). As the jump takes place, the instruction 
bank setting is replaced by the value i and the operand bank setting is replaced by the 
value a. 
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UNCONDITIONAL BANK JUMP 



UBJP 



F 
O 
R 

M 
A 
T 



MACHINE 




J_J L 



I ' I ' I ' I = ! <■ I 7 | 6 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



UigJP, 



! 



J 1 I I I 



I I l I l l I I I i i i i i i i 



C ' " l ;; i ' : 'J " l l5 i " l i '| l8 l"l'° l ^l» | » | " l»P»|3'|;«l»|30|l.|»l»|3«|»|36Hr|„, 1 9|«O|. , .; I . , i . . i . , i , 6 , . , , < , , . 9 ( , { 



Function code 



L 



Optional, bank term used for 
operand bank setting. 

Current bank setting if omitted. 

$, bank in which base address 
resides. 

*, bank in which UBJP resides. 

-Optional, index designator. 
Omitted, use no index. 
1-6, relative addressing. 

-Optional, base address. 
Zero if omitted. 

Optional, bank term used with 
base address. 

Current bank setting if omitted. 

$, bank in which base address 
resides. 

*, bank in which UBJP resides. 
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UBJP 



F 

L 
O 

W 

c 

H 
A 
R 
T 



UNCONDITIONAL BANK JUMP 



FORMAT: UBJP 



(i)m, b, a 



M = m + (B ) 




i -IB 
a -OB 



Use Upper 
Instruction At 
iM As Next 
Instruction 




D 
E 
S 
C 

R 
I 

P 
T 
I 

O 
N 



UBJP 



Unconditional bank jump to M In bank j_ and set Operand Bank 
to a 
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UBJP 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Do a bank jump to Bank 2 address TAX and set the Operand Bank 
setting to Bank 1. 



SOLUTION: 



LOCN 



J I L_J I L 



I' I ' i< I' l« I' I ' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i(jAh Ji7i/4i/i ? I, \1 



1 



l/iPn/ifi |_ ; i i i n w 1 1 1 iniA i. i. ixi i i i i i i i i i | | [ | | | ; ^ i _; _l j , 

I " ~ I 

l"l'3|'« l"l'«l'H"l'«|Z°l "|gg[»J|»«H»|a6|87|;i|i9|3O|3i|Mm| J< |35|M|»T|MH»|<0| < , |«Z|< J |«4|« 5| <6|47m|49H0| 



' ' 



PROBLEM: 



Do a bank jump to Bank 2 address TAX modified by Index Register 1 
and set the Operand Bank setting to Bank 1. 



SOLUTION: 



LOCN 



j i i j i_ 



I 2 I * I « I » I « I ' I » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



UiBJiPi 



' i i i 



i^iliy ifi^iXi j tltjili 



i i i i i 



'°l" l' a l' 3 l"*l ,S l l6 l l ^l'«Mg|= , °]g'|ggtgJ|=-»|gS|g6|37|;a|Z3i3O13l|3?|33|3-»|15|3<S|3 ; -|3e|3«.|^0 |t . ■aZ]1J14 Ji 45|»s ! A7|le.''3|^Oi 



PROBLEM: 



Do a bank jump to address TEST in the bank where TEST resides 
and switch the Operand Bank setting to the bank where the UBJP 
resides. 



SOLUTION: 



LOCN 



i i i i i_i_ 



i' i * i- 1» i 6 1 ? " 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



UiflJ.Pi 



iii 



.(^TT^SiT^i.r* 



I I I I 



' I " l "l l M"["l l «l | 7|H|l9|;0[;Mgg|Zi|g4|;5 l gt|;r|;»|;9|lO| i , | 3Z|33 | 34| 33|36 |3 7 ! 3« | 39| 40, 4 1 4; I 4 3 I 44 1 «j I 46 I 47 I 48 ; 49 1 ; 



PROBLEM: 



Do a bank jump to address SMOKES in Bank 2 modified by Index 
Register 5 and set the Operand Bank setting to Bank 3. 



SOLUTION: 



LOCN 



i i i i i i i 



2 ' 3 1' " '* ' r " 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



UflXP IfaSMdKf&jX, 



hZJ LJ I I I ! 



° I " I' 2 '" I" I 15 I' 6 MM" l'»|Z°|4'l'<|Z3|«»|ia|Zt|;7|Za|Z3>|30|3l | 17 | 33 | 34| 35 | 36 |3 7 | 36 | 39| 40; 4 ; 4| | 4 3 | 4 4 | 4 3 | 4 6 | 4 7 | 4 S i 49 | 5 O 
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The BANK JUMP LOWER Instruction 

The BANK JUMP LOWER instruction is an instruction that unconditionally transfers 
program control to the lower instruction of a memory word. It is the only instruction 
in the 3600 repertoire of instructions that will jump to the lower instruction of a memory 
word. 

The jump is to a 15-bit address M where M = m + (B ) in bank i. As the jump takes 
place, the instruction bank setting is replaced by the value i and the operand bank 
setting is replaced by the value a. 

If the bank terms are not specified by the programmer, the current bank settings will 
remain unchanged. 
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BANK JUMP LOWER 



BJPL 



F 
O 
R 

M 
A 
T 



MACHINE 



47 






23 









• 


> 


b ^///> 


■ i 'i 




m 

i i i 


i ... 




OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i 



|i|!|4|S|C|7|S 



6ii_PkL_Li_. .^AQJjni^ 



ji"-i I [ I I 



J I I L_L_ 



;i'l:'<i^':6 



?"| ?'|gg! ;j| Z4|;5|Z6|?7|21|;9|JO|li|IZ|H|>4|3i|J«H7|ae|3»|«0|<'|<;ni|44|«i|46|47|«»|«a|»0| 



Function code 



L-Optional, bank term used for 
operand bank setting. 

Current operand bank setting if 
omitted. 

$, bank in which base address resides. 

*, bank in which BJPL resides. 



■ Optional, index designator. 
Omitted, use no index. 
1-6, use relative addressing. 



•Optional, base address. 
Zero if omitted. 

•Optional, bank term used with base 
address. 

Current instruction bank setting 
if omitted. 

$, bank in which base address resides. 

*, bank in which BJPL resides. 
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BJPL 



BANK JUMP LOWE It 



FORMAT: BJPL 



(i)m, b, a 



M = m + <B ) 



F 
L 
O 

w 
c 

H 

A 
R 
T 




Use Lower 
Instruction At 
iM As Next 
Instruction 




BJPL 



Bank jump to lower instruction at M in bank J_ and set Operand 
Bank to a 



D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 
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E 
X 
A 
M 
P 
L 
E 
S 



I BJPL 



PROBLEM: 



Jump to the lower instruction at address DAVESS. 



SOLUTION: 



LOCN 



i 



I» I >l« H l« IMi 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



dJAL 



i i ' i i 



DJfVASS, 



i i i i i i i 



j i_j i i i i i i 



IC|H |IZ|U|H |i»|i«|i7| H|ll|21>|;i|i2|H|»4|i5|it|27|gim|30Hi | 37 | 3 3 | 34 | 35 | 36 | 3 7 | 3. , 3 » j 4C| . | 4g j 4 j | 4 4 ; . 5 ; . s | 4 7 | . 8 49;! 



PROBLEM: 



Jump to the lower instruction at the address specified in Index 
Register 3. 



SOLUTION: 



LOCN 



i i ' i i i i 



i'i'i'i'i'i'i' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



BjPj. 



J I I I I I La-g ' 



II! 1 



I I 

lO lli |I;|I3|I4 |li |.«|I7|H |H|?0|;i|;;|33|;4|Z5|;6|?7|;i|;;|30|3i |3;|33|34|3i|36|)7|38|I9|40|4i |4;|4 i |44|4 i |46|4;|«8;4S l ;o 



PROBLEM: 



Jump to the lower instruction at address DAMAN in the bank where 
DAMAN resides and set the Operand Bank to Bank 2. 



SOLUTION: 



LOCN 



i i i i i i 



i' i ■ i 4 1' i« i' i» 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



&JIP.I. 



i-W (Jt^DJMAM.j,, ,*, 



■i i i i i i i i i i i i i i i 

'0|" I '7 | l> | 14 | H| it | i, p., „ !„,,;. |7;|73|74|7»|7«|77|7.|; 9|3Q| 3.|37|33| 34|35|3«|37|3.|39|.0 I 4 | 42 | « 3| .4 ! . 3 | 4t | 4 7 , 4! ■ 49 | 3, 



_. 



PROBLEM: 



Jump to the lower instruction at address PETE in the bank where 
PETE resides and set the Operand Bank to the bank where the 
BJPL resides. 



SOLUTION: 



LOCN 



' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



Mri. 



i*-i i i i i i i 



(i$i) iP,£iT,E lf . j,* 



I I I I I I J_ I I I _L__L ._L_^_ L_ 



I ' I ' I * I ' I * i ' I ' I ; I '° I ! I" I" I'* I" I" I "l"l" |'0|?'|»|'>l»«|»»|7»|»'|»«l'«l'O|" |»7|3>|3<|»»|l«|i; 



MI11I40 



l'"!' I'LL 



1U-1 jJ 



The BANK RETURN JUMP Instruction 

The BANK RETURN JUMP instruction is an instruction that unconditionally transfers 
program control to the upper instruction at address M + 1 where M = m + (B ) in bank 
i_ and sets the operand bank to the value a. 

The hardware places (at address M) a "return" instruction such that, when executed, 
will return control to the upper instruction immediately following the BANK RETURN 
JUMP instruction. The instruction placed at M is an UNCONDITIONAL BANK JUMP 
to (P) + 1 which will also return the two bank registers to the state they were in before 
the BANK RETURN JUMP was executed. 
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F 
O 
R 

M 
A 
T 



BANK RETURN JUMP 



BRTJ 



MACHINE 



COMPASS 



I.0CN 



; i > i ' i 5 1 s i ' 




OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



e.ftTJ, 



i (i 1 1 Ji>i ? i/>| ? |A-i 



l '^ l !< l'' l '« | 'M l, l l 'l'° l '' l " l " l"l» | i«l»T|i«|g»l»°l»i|«|3i|3.|Ii| 3 6| > 7|S.| 1 ,| < 0| < |«;|4 i| ..|.;i|.s l «7| < ..«»H0| 



P'unction code- 



L 



Optional, bank term used for 
operand bank setting. 

Current operand bank setting if omitted 
$, bank in which base address resides. 
*, bank in which BRTJ resides. 

•Optional, index designator. 
Omitted, use no index. 
1-6, use relative addressing. 

-Optional, base address. 
Zero if omitted. 

•Optional, bank term used with 
base address. 

Current instruction bank setting if 
omitted. 

$, bank in which base address resides. 
*, bank in which BRTJ resides. 
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BRTJ 



BAXK RETURN JUMP 



FORMAT: BRTJ 



F 

L 
O 
W 

c 

H 
A 
R 

T 



(i)m, b, a 



M = m + (B ) 




UBJP (IR.)P+1,0, OR. 
Is Stored At 
Address M 



•in 

-OH 



U se Upper 
Instruction At 
M+lAs Next 
Instruction 




D 
E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



BRTJ 



Bank return jump to M in bank i_ and set Operand Bank toji 
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BRTJ 



PROBLEM: 



E 
X 
A 
M 
P 
L 
E 
S 



Do a Bank Return Jump to address FOX in Bank 1 and set the 
Operand Bank to Bank 2 . 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




::i 




B l R^T [ J\ [I,,, , (,1,) ,ht\X< ,i 7 !-2i i i 


! 
1 1 '. 1 1 1 1 1 1 1 1 




l ,Z | 3 ,4 |S |6 |7 . 


3 


'O | ll | 12 | 13 | H | 15 |I6|I7|I8 |I9 |20|Zt|22]23|24|25]2- Z7|28|29|30|Jl 


1 

|3?|33|34|3S|36[37|SB|39|40|4, |42j43|44j43|46|47|48|49lS0| 



PROBLEM: 



Do a Bank Return Jump to address FOX modified by Index Register 2 
in Bank 1 and set the Operand Bank to Bank 3. 



SOLUTION: 



LOCN 



OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



B&T& (i-Zi) /idXij iJ,j 3 



III [_1_ 



J I I I LJ I I i I I l 



I' I ' I • I' I 6 I' 



iO |i'|l2|l3|l4|l3ii6|i7pa[l9|20|2l|22|23|24|2S[26|27j2B|29|30|3i|32|33|34|3S|36|37|36|39|40|4|42l43|44|45|46|47|48 : 49j;:>j 



PROBLEM: 



Do a Bank Return Jump to address SQRTF in the bank where SQRTF 
resides and set the Operand Bank to the bank in which the BRTJ 
resides. 



SOLUTION: 



LOCN 



i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ffifrHJ; i i | i i i Q$ijiS l Q,R. l T i f l}l j l # 



J*LI l_i L_J L_ 



I' I ' i • i> 1 6 i 



I " I 

l0|N|i;|i3|l4|i5|it|l7|l«|l9t20|ZI|gZ|23|Z4|23jg6|?7j2a|29i3O|3l|3g|33|34|35|36j37|3B|39|40 ) 4i|4g|43|44|45|46|47|4al49|5Oj 



PROBLEM: 



Do a Bank Return Jump to address TAB modified by Index Register 1 
in the bank where TAB resides and set the Operand Bank to the bank 
in which the BRTJ resides. 



SOLUTION: 



LOCN ! 


OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




iii 




Dif\|7|Ji i i i i i i (_i*y i '\n\P\ j iXi j r#i i i i i i i i i i i i i i i i i i i i i i 


■ |J 1 3,4 |3 6 |7 . 


9 


i 

'0| ll | l2 l | 5|'*l | i| ( *l | 7jl«l'9|!0|Zll2Z|23|24|2a|26|Z7|2a|Z9)50|3(|3;l33|3 


1 

| 15 | 36 |3 T | SS |J9|40|« |4J ]4)|44|45j«6|4 


7|«t. 4»,30| 



iu-iY 



The BANK JUMP AND SET INDEX Instruction 

The BANK JUMP AND SET INDEX instruction is an instruction that unconditionally 
transfers program control to the upper instruction at address m + 1 in bank i and sets 
the operand bank to the initial value of the instruction bank. 

The hardware places (at address m) a "return" instruction such that, when executed, 
will return control to the upper instruction somewhere following the BANK JUMP AND 
SET INDEX instruction. To explain this, the sequence of operations by the hardware is 
very important. 

1. UBJP (IB.)O, b, OB. is placed at address m. The index designator 
is the same one specified in the instruction. 

2. The contents of the P register are placed in the specified index register. 

3. The initial instruction bank setting is placed in the operand bank. 

4. The instruction bank setting is replaced by the value i. 

5. Program control goes to m + 1 in bank i. 

This then is a BANK RETURN JUMP with the added features. 

1. The operands used by the subroutine will be in the bank of the main 
routine, usually following immediately the BANK JUMP AND SET INDEX 
instruction. 

2. Before returning to the main routine, if the programmer increments 
the contents of the specified index register by 1 more than the number 
of operand addresses used, he can jump "around" his data and his 
program will continue with his next executable instruction. 
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BANK JUMP AND SET INDEX 



BJSX 



F 

O 

R 

M 

A 

T 



MACHINE 



_l I i I : L 



47 



6 '3 T b~ r 



J L 



J U 



m 
j L 




" i » i' i' i« i 



OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



B.XSX 



(i I iJ iM,,,t> 



;l g l LJ_ 



I I I 1 I 



J — 1 LJ 1 I I I 



»l'»|ZO|Zi|Zg|25|g<|g»|g6|;7|;«|;»|Jl>|ai |3?|I>|H|3a|3«|i7|H| 3 »|«Q|<, |«;|<i i< « | , 5|<S |4r|4 t |<9|ao| 



Function code- 



"-^ 



-Optional, index designator. 
Omitted, use no index. 
1-6, (P) saved here. 

-Optional, base address. 
Zero if omitted. 

-Optional, bank term used with 
base address. 

Current instruction bank setting 
if omitted. 

$, bank in which base address resides. 

*, bank in which BJSX resides. 
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BJSX 



F 

L 
O 

w 
c 

H 

A 
R 
T 



BANK JUMP AND SET INDEX 



FORMAT: BJSX 



(i)m, b 




I'RIP (IH.)O. b,()B 

1h Stored At Addres 



(P) -a" 



(IB ) -OB 

i ~- I IB 



Use Upper 
Instruction At 
m t 1 As Next 
Instruction 




BJSX 



1) Bank return jump to in in bank _i_ and set Operand Bank to 
value of initial Instruction Bank 
,b 



2) P 



■R 



D 

E 
S 
C 
R 
I 

P 
T 
I 

O 
N 
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BJSX 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Do a Bank Jump and Set Index to address PETE in Bank 2. Contain 
the present address of this instruction in Index Register 3. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



_LJ_[__!_I_ 



I'l! I' |S|' I' I' 



PiJij'Yi i ; i i i i (i«2-y iriCitiCij 3 



1 l_l LJ LJ I I I l_J I 



'O ; ■' '3| l 314)>S|'6|i7|;9|i9|7O|7l|7;|73|74|g5|g6|77jgB|Z913O|3i|3?|33|34|35|36|37|3B|39|40j4 |4;]43144|43|46j47|4aj49|30j 



PROBLEM: 



Do a Bank Jump and Set Index to address TOM in the bank where 
TOM resides and use Index Register 2 for retaining the address of 
the BJSX instruction. 



SOLUTION: 



LOCN 


OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


. 1 ! 1 1 ! i 1 


t/i^Pi/fi 1 1 i 1 I i M*t ) 1 ' i0\M\j A l I I l l ! l l l I 1 I l i I l i :; i i i i 


1 | 1 | 3 | 4 | 3 | B | 7 | ■ 9 


(0 | tl i 12 ] 13 j I* [15 |i6 | i/ | 10 |.9|20|Zlj22|23|24|25|26|2.'|2B|29|3O|3i j32|3J|34|35|3fi|37]3e|39|40|4, !4J|4Jj44|45j46[47j48>49 ( S0! 



PROBLEM: 



Do a Bank Jump and Set Index to address JOE in Bank 4 and use 
Index Register 5 for retaining the address of the BJSX instruction. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




I ! ! ! ! 1 ! 




Stt* ,/>0 JA^x,X\ i i , , , 


I U | »|« |» |I |T |1 


9 


•0 1 " 1'* 1 13 (1* 1 15 I* 1 17 |'8 |I9 |20]2' | 2 2 | 23 | 2 4 | 25 | 26 | 27| 2i | 29 j 30| 3 1 


i 

|32|3l|J4|35|36|37|3B!39|40!4i|42]4i|44|45|46|47j4e 


49|50 : 



PROBLEM: 



Do a Bank Jump and Set Index to address SUB in the bank where 
SUB resides. Index Register 6 is used for retaining the address of 
the BJSX instruction. 



SOLUTION: 



LOCN 1 


OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 


D\J\5\A\ 1 1 1 I I \( fi\ )|5|U|D| j |0| [ | | | | ! | l | | | | | 1 j i | : 1 i | , ; 


• l< 1 >!• 15 |B |7 |. 


9 


10 | n |i2 J 13 j 14 j'S |ifi|!7llS|l9 |20|2l|22|23|2*|25|26|27|2B|29|30]3l 


i 

|32|33!3 4tJ5|S6|S7|38|19|40t«'|4Z|43|44j45146|47|4|!«9|S0 
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NEW CONCEPTS OF GROUP 10 

The BANK JUMP instructions allow the programmer to transfer program control to any 
bank in a multi-bank system. If subprograms are self-contained in one bank, there is 
no need for the BANK JUMP instructions. 

At this time we do not want to become deeply involved with the use of these instructions. 
The reason is that we have not yet discussed the communication between subprograms 
in different banks. The concept of subprograms involving a multi-bank system will be 
discussed later in this section. 

The EXEC instruction is a quick and effective instruction to execute a short "subroutine" 
(two 24-bit instructions or one 48-bit instruction) without leaving main control. We can 
execute the instruction or instructions at the address specified by the EXEC instruction 
in any bank, and when they are finished, continue program control to the instruction 
following EXEC. 

The BJPL instruction is the only instruction that can jump to the lower instruction with- 
out changing the upper instruction. The jump can be made without changing banks by 
simply not specifying the bank terms. 

The BRTJ instruction allows subroutines, even subprograms, to be executed in another 
bank, and control returned to the bank of the calling subprogram automatically. When 
the BRTJ is executed to some address, execution starts at that address plus 1 . At the 
address is placed a UBJP (48 bits) instruction, so that if it is ever executed a "return" 
will be made back to the instruction following the BRTJ. This is why each subprogram 
coded so far has contained a BSS 1 instruction at the entry point - so that the subprogram 
can be used as a subroutine, either by the monitor or by another subprogram. More will 
be said when we talk about subprograms. 

The BJSX instruction is verv much like the BRTJ. The difference is that with the BJSX 
the programmer can easily pass data to the subroutine. The data is stored immediately 

following the BJSX instruction. A sample of coding might look like the following: 
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BJSX SUB, 1 

DEC 58,-63,5 



Here, three parameters are to be picked up by SUB. When the BJSX instruction is 
executed, the address of the BJSX instruction enters the designated index register auto- 
matically (in th 
three operands. 



matically (in this case B ). With this address the subroutine SUB can reference the 



When the return is made, the subroutine must make sure that the data is bypassed 
when continuing the program. 
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Problem 10: 



Show how the BJSX instruction can be used to form Y = 3X- 256943 in integer format. 



Flowchart: 




Enter> a< SUB 


















Form 

3X - 256943 


Store Result 
At Y 


Exit 








>< 









Problem 10 could be solved by coding in the following manner 



LOCATION 


aPERATWUMOOfOS ADDRESS FIELD 


COMMENTS 




i |i ;> !< j. ,_ jfj. 


i 






i : = j , ■ 


ZiQ^/t^r. ■ , ; !^^s .,,,,,, ., , . 






- T L-U_L.____.__1___L_. . 


_E__Z_&i____, ■__ *K« 






L^ ,__. 


?.« [1 , 




...__. ___________ 


Pass . , 


.ftS^ _________]£..___,._.__., ,.__._..____,_! 




, 


i 

- _____ L ' -_-_.. ._L.l_.i_l J__ !_■ ■ ■!.__.. _. : 1 ... 






'.i.ii.lt 


1 

.*■ ..-. _______ 1 .1 1 .._ _.._...„_._ !.:_..:_ . J_ | , 


1 ^_ 1 i : _ ■ .._.._.' 




; , , j 


-. | 




(-g^fl). i.^ 


._>SX._______.___5.i._L > i, _, . . 

.p_<£._ Aistttefo 




i.. _!..__....__. ..i___l._j.. ..i L_ 

_..___....! j_. i — i. — L....J — J — 


-__ _____ ■ i____ 






:,,,,,. 


i 
--•. . _ __.__. . i.. 




; . ■ j i I : 


i 

-*_____.__„■„.. . , 1 , 1 1 1 .1 l.l. . .1 ,..!........, 




.*,_. . , , , 


IPS, ___l_______i/,.._, .__,______,__. ■_..■._. U-, 




i-J ' _____ i . 


-U4 _.,_JlL___ i ______.. ___. . , , 




i ! J- ' : _L_ 1__ 


JMUi ... .._____.,. jj_^_L_, ..,__, ,_,,.,_. ,_ 


_J^_>_§£S__L ^£_____L +-1 _...__. 




SAfl ,,,,., U, J. , ,,,..,..,,,,, 


-..j_____a_^__i__L_^__:_l ..^..., _ . :_., , 


.__.___- .,.._..,_.. 




.££_!. __... __.Ji . . . . : . _ 




XMIu^..^J&yl i ,.__,,._ 


.3jpassmata ._..__ 




S_4_Z1 .:_,._. _.i_L.J_lt__{ __.-_.__. i ... , _ 
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Somewhere within this subprogram would also be included the symbol X in the location 
field with a declaration of the prestored data or area reserved. 

Student Problem 10 A: 

Show how subroutine SUB would evaluate Y = 405X+356432 if the constants are passed 
from the main routine. 

Flowchart: 
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Problem 10A could be solved by coding in the following manner; 



LOCATION 


DPERATIOHMOOIflERS ADDRESS FIELD COMMENTS 




,„ „ ..„.,„,..!,.„.„„,,. „.,.,,..„ .,„,.,„.„,«„ ».„...„.'. , ,,«,„,«„.».„,„,„„,„»„,.,.,-,.,,„.-.., »,.,.,™,n,» 




! , ,,.,!. , i j_,J^xL_i 




j , j 




, , . , 1 j 




j I : , , , ■ : ■ . j , , J , . , , 




1 1 1 




I ■ . 1 . 








,,,.!.... | , . , 




! 








j [ 




. . , j . , j 




-—4- — -— - ...J— ; -- :-- ,^.^^ ,,.,.. 




j , i 






-^- L — - >-■-■ 




L I 




! , ! 


.J-X-X-U-X..., .!._. 


x.i LX.LL :._!... ...L, x.x_Xx x.x_, xxxx^.. _x xxx.L. . x .. , Xxx . .X _x_, xxx uxxxlx, U.U J J_ 
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GROUP 11 
INTER -REGISTER 



GROUP 11 
INTER- REGISTER 



1. Register Operation ROP 

2. Register Swap RSW 

3. Register Transmit RXT 



This group of instructions transmits the contents of operational registers with some 
operation possibly taking place. No memory reference is made. 

The first instruction specifies one of seven operations to take place between the con- 
tents of two registers, the result going to a third register. 

The last two perform no operation, but simply position the contents of registers for 
maximum speed and efficiency. 
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The REGISTER OPERATION Instruction 

The REGISTER OPERATION instruction is an instruction that performs one operation 
between two registers (source) and places the result in a third register (destination). 
No memory reference is made. 

The contents of the source registers are left unchanged. The contents of the destination 
register are replaced by the result of the operation. 



The operations allowable are: 



1. 


OR 


2. 


XOR 


3. 


AND 


4. 


IMP 


5. 


EQ 


6. 


+ 


7. 


- 



Inclusive OR 

Exclusive OR 

Logical Product 

Implication 

Equivalence 

Addition 

Subtraction 



Some registers may not be used as a destination register. If they are used,, a PASS 
instruction results. They are: 

1. Interrupt Register 

2. Instruction Bank Register 

3. Shift Count Register 

4. Miscellaneous Mode Register 

5. P Register 

6. Time Register (Clock) 
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REGISTER OPERATION 



ROP 



F 
O 
R 

M 
A 
T 



MACHINE 



May be an 
upper or 
lower ~K 

instruction 



47 








23 









' O's ' 
i i i 


P , 


q 


i r 


I I I 1 1 1 1 
I I I I i i i 


47 








23 









I 1 1 1 1 II 
I 


1 1 1 

0,0,3, 


P 


i q 


r 



> NORMAL 



COMPASS 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 




i i : 




R\0\r\f\S\ ! 1 t 1 \P\p\tk\y\r\ 1 I 1 1 1 1 1 I ! 1 1 t 1 t 1 1 I ! 1 1 1 1 1 1 1 1 


i [2 , 3 ! . |5 | 6 | 7 l I 


9 


iO|ll|t3|l3ii4|(5|i6|l?'|l8|t9|ZO|?!|22|23|24|Z5[2fc|27|2B|Z9 (30^3 1 


«l"i 


i 

S4135|36|3 7|3B|39|40|V|4!|4S|««1«5[«6|4 


|«|«|50i 



Function code 



J 



Modifier, one of 

the following 
must be specified: 

OR, inclusive OR 
XOR, exclusive OR 
AND, logical product 
IMP, implication 
EQ, equivalence 
+ , addition 
- , subtraction 



Destination register, 
one of 17 mnemonics. 

Source register, 

one of 26 mnemonics. 

Source register, 

one of 26 mnemonics. 
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ROP 



F 
L 
O 

W 

c 

H 

A 
R 
T 



RKGISTKR OPVH/V! [ ( y 



FORMAT' ROP. OH 

XOR 

AM) 
IMP 



— *t Rp 



:().)OR(ql : Up}XOR(q)| !(plAM3fq)| 

Rf-t-uil -r 1 Result *r ! iRi^ult -r \ 



(|i) IMP UO I !;>) F(J <q) 

Rf-sult -r | [RrsiiH - r 



X 



X 



K 



Use ('pi)cr 

InstrmHior 

■\{P)+ 1 as 

Instructior 



D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



ROP, OR 

ROP, XOR 

ROP, AND 

ROP, IMP 

ROP, EQ 

ROP, + 

ROP, - 



(p) OR (q) -r 
(p) XOR (q) - r 
(p) AND (q) •* r 
(p) IMP (q) - r 
(p) EQ (q) -r 
(p) + (q) -»r 
(p) - (q) T 
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RQP 



E 
X 

A 
M 
P 
L 

E 
S 



PROBLEM: 



Add the contents of register A and Index Register 1 and transmit 
the result to A. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



I I I ! I I 



i MZi^lZl l j_ 



Ji\<)\B\l\^\A 



i i i i i i i < i i i i ' i i i i i 



» m« i» i« i' n 



10 |<l |<2 |I3 l< | IS |I«|I7|I6 |I9 |20|2l|22|29|24|25|2t|2T|26|29|3Q|3l [ 32 | 33 | 34| 33 | 39 | 3 7 | 36 | 39 | 40] 4l |42|43t44j45|46j47|49|49[90| 



PROBLEM: 



Perform the "exclusive OR" between registers A and Q and transmit 
the result to D. 



SOLUTION: 



10CN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i i 



^i^j i X i M i i | /fl, i g i , i P 



j_j i i i i i i i i i i i i i i i i i i i i i i i i i 



i' i ' i* i' i» i t I* 



I0 |li|>2|l3|l4p3|l6|irjf|m20|2l j 2 2 | 23 | 24 1 29 | 24 | 27 | 26j 29 | 30 | 3 I | 32 j 3 3 j 3 4| 35 | 38 |3 7 \ 38 | 39 | 40| 4i | 42 ) 4 3 | 4 4 | 4 3 | 44 | 47 [ 4| | 49| 30 | 



PROBLEM: 



Subtract one from the D register and transmit the result to A. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i 



R$\P\*\—\ l_i. i I J?iyP\lijt# 



I'll 



i j i i 



I'i'i'i'i'i'ii 



I 

10 j H | 12 | 13 | 14 | 13 | 16 | 17 | I 9 | 19 | 20|2I | 22 1 23 | 24 1 25| 26 | 27 j 26 | 29 | 30 | 3 I | 32 | 3 3 | 34| 33 | 34 |3 7 | 36 |39|40j4. | 42 | 43 | 44 | 4 3 J 44 | 4 7 | 49 | 49| 50 ; 



PROBLEM: 



Perform the logical product between the contents of the A and Q 
registers and transmit the result to D. 



SOLUTION: 



10CN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i i 



2$& ¥ M& ■ I \AyAyD, 



'4/11. ' 

i_J l_ I I I I I I I I I I I I I I I I I I I I I I I— I 

I ' ' I 

0|/i|l2|.3|'4jl9;i6|l7|l9|r9|20|2l|22|23|24|29|24|27|29|29|30|3>;32|33|34|35|3«i37|39|39)40|4'|42|43|44|43|49|47|49|49|90| 



'I'l'I'H 
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The REGISTER SWAP Instruction 

The REGISTER SWAP instruction is an instruction that performs an exchange of con- 
tents between two registers. No memory reference is made. 

IF CQ is specified and the q portion of the format is either AL, AU, QL, or QU, the 
complete register is cleared as the contents are being exchanged. 

If CR is specified and the r portion of the format is either AL, AU, QL, or QU, the 
complete register is cleared as the contents are being exchanged. 

Some registers may not be used in the swap. If they are used, they will not be changed. 
They are: 

1. Interrupt Register 

2. Instruction Bank Register 

3. Shift Count Register 

4. Miscellaneous Mode Register 

5. P Register 

6. Time Register (Clock) 
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REGISTER SWAP 



RSW 



MACHINE 



May be an 
upper or 
lower -< 

instruction 



47 






23 







°!°!*!t , 


!<* 


l r 


I I I 1 1 1 1 
i I i l i i i 


47 






23 







> i 1 1 I II 
i i l i i ii 


oloX. , 


1 q 


1 r 



NORMAL 




COMPASS 



i i i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



/fl&WjiCifli ? i£i£i ij-ijiri i i i i i i i i i i i i i i i i i i i 



i i i i 



i 

'l»l»l«l»l«l'l»l«|W|" |H|il|H|l»|il|»|ll|ll|»|ii|i»|ll|mmil|lt|il|il|lll|li |H|»»j»4|M|J«|JT|M|3»|40|4i | 42 | 4i| 44 | « j | 4« | 47 | 4| | «9|JQ | 



Function code 



J 



Optional modifier - 
CQ, clear the 
complete register 
when q specifies: 
AU,AL,QU or QL 

Optional modifier 
CR, clear the 
complete register 
when r specifies: 
AU,AL,QU or QL 



W 7 



Mnemonic for second register, 
one of 17 mnemonics. 

Mnemonic for first register, 
one of 17 mnemonics. 
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J£W. 



REGISTER SWAP 



FORMAT: RSW, CQ, CR 



F 
L 
O 

w 
c 

H 
A 
R 
T 




€Z^M^HKp 



<> 



gK 



instruction )—---■♦ 
Lower? J 



Instruction At I ,- 

(P) As Next 1 9{ 

Instruction j 



Use Upper 
Instruction At 
(P) + I As Next 
Instruction 



-E 



/T\ /CR \ Yes (. ' J\ No J, , \ No /\ T T\ No A . _ |\ No (TEMPI)- r 1 ./Ov 

QJ ^SpecifiedO ^ srA UAy * ^' s r A LA^ ) »H* r Q UA ? J ^ ts r Q LA j * |<T t :MP2)~q | K^ 
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*Non- program addressable 



D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



RSW 



RSW, >^v^ 



RSW, CR 



Swap (q) and (r) 

1) Swap (q) and (r) 

2) Clear rest of register that q represents 

1) Swap (q) and (r) 

2) Clear rest of register that r represents 
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The REGISTER TRANSMIT Instruction 

The REGISTER TRANSMIT instruction is an instruction that transmits the contents of 
one register (source) to another (destination). No memory reference is made. 

If CQ is specified, the contents of the register specified by the q portion of the format 
are cleared after the transmission takes place. 

If CR is specified and the r portion of the format is either AL, AU, QL, or QU, the 
complete register is cleared before the transmission takes place. 

If an attempt is made to alter the contents of the following registers, no action will 
take place. 

1. Interrupt Register 

2. Instruction Bank Register 

3. Shift Count Register 

4. Miscellaneous Mode Register 

5. P Register 

6. Time Register (Clock) 
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REGISTER TRANSMIT 



RXT 



F 
O 
R 

M 
A 
T 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



0'0'7't / q ,r 1 1 1 1 1 1 1 
i i i 1/ i ^ I i i i i i i i 


47 


23 


i i I 1 i 1 1 °i° , 7 . t y | q ,r 



NORMAL 



COMPASS 




LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i 



OiXi Ti^iCiffi ,i(?iRi i a-i ji f*i 



I I I i i I I i i I I i I I i i I i 



I I I I l I I l 



I 

| 2 | 3 | 4 | 3 | 8 |T |a|9|lO|l'[ l? l l >l l< l' 5 l l6 l l7 )'C| t9 |g IZ | |2Z|Z3|Z*|ZS|gg|Z^|2«|Z»|30|> l |3'|3S|3 4 l 35 |3«|J^|3a|3a|»0|4i|4a[43|«414S|46|4T|«a|49 ] 30| 



Function code 



-A 



Optional modifier - 
CQ, clear the 
register specified 
by q after the 
transmission 

Optional modifier - 
CR, clear the 
complete register 
when r specifies 
AU, AL, QU, or 
QL 



W J 



■Destination register, 
one of 17 mnemonics. 

Source register, 

one of 26 mnemonics. 
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RXT 



REGISTER TRANSMIT 



FORMAT' KXT. CQ, CR 



F 
L 
O 
W 

c 

H 

A 
R 

T 




D 
E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



RXT 



Ha i, CQ 



RXT. CR 



1) (q)-r 

2) Contents of q remain unchanged 



j-/ vq; ^r 



2) Clear contents of q after transmission 

1) (q)~r 

2) Clear rest of register that r represents 
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E 
X 
A 
M 
P 
L 
E 
S 



I RXT "" H 



PROBLEM: 



Transmit Index Register 1 to Q. 



SOLUTION: 



LOCN 



1'ni'i'i'i'i' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



fi£L 



JU±}i£l 



i-J I I I I I I I ! i I I 1 

I 



'° M 1 1'^ ! ' 3 1 ! * I'S I 1 * |"I IB l"MgO|gM?Z|33]g4|25|26 |27|;B(49|30|3. | 3 2| 3 3|34|35|36|37|38)39|40|4 



43J44 j 4j j 46| 47 ! 49 . 49 ; 5 ; 



PROBLEM: 



Transmit A to D. 



SOLUTION: 



LOCN 



''"'•" ' s " 1 ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ffx,r, 



4,,0, 



1 1 1 1 1 1 1 1 1 1 



1 i 

» |'Q|" |"l"l l «l'»l'«l"|H|H|ZO |Z'|Ze|83|8«|2»|8«|;T|Zl|Z»|aO|il|i;|a3|J4|ai|I€|3r|ie|»9|«0|« | < ;|4 i H4|«i;4 t |»7l«» 49153 



PROBLEM: 



Transmit Index Register 6 to A, then clear Index Register 6. 



SOLUTION: 



LOCN 



i i i i 



l'IM4|5|6|7|» 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ffiXTijiC iffii i i i i.9i6i,[/ffi 



'1 — L_l |_J 1 I I I I ! I I i i 



°l" l"l l »l'«l'»l'«|l?| H|H|ZO|gi|ZZ|Z3|g.|8»|8C|?r|Zl|g9|H>|3i |3ZH>|j4|35|J«iHT|ia|»»|4ll l 4i |4;|4 J |44|4}: - »_; jtjj 



PROBLEM: 



Transmit A upper to A lower, then clear the rest of A except 
A lower. 



SOLUTION: 



LOCN 



'OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MXJiyLR, . , , [ j j]) t ,AL 



J I L_J I I L_L_ 



-i—J I I I I L_L 



A S. I 3 i * Llli ■ T L i 1 9 [ l0 l l! I" I ^ ! '< M5 us ;■■-■ ■ ib ! '9 !aoj?i | a a | zs\ ;■» ] ?5 f 26 ; rr ; 29 ;?q , join pa |;ij 3 4 j :is pe .3 t , jt ■ 39 ; 4o ; ■ 



i a^;41|a4.A5]^6i4T | 4a : " 9 ! i:: 
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NEW CONCEPTS OF GROUP 11 

Programmers wishing top speed out of their programs would do well to consider the 
instructions in this group. They are the fastest, most versatile instructions in the 
repertoire. None of them require a memory reference. 

Any operational register can be used. This includes A, Q, D, and the index registers. 
There is a Compass mnemonic for each. 

These instructions can be used to maneuver data through the registers once the data 
has been read out of memory. Operations can be performed on the data with the ROP 
instruction. 

There are two types of operations: Arithmetic and Logical. Arithmetic operations 
include addition and subtraction. This is done using 1's complement mode in fixed 
point integer format. Logical operations are bit by bit comparisons. Here is a table 
showing how the bits in two given registers will yield results in the third register. 

Logical Operations 



First Reg. 
P 


Second Reg. 

q 


p and q 


INC. 
p or q 


EXC 
p or q 


p IMP. q 


p EQUIV ' q 

















1 


1 





1 





1 


1 


1 





1 








1 


1 








1 


1 


1 


1 





1 


1 



The last two instructions, RSW and RXT, perform no operation but can be used to 
interchange data or transmit data from one register to another. 

Let's show a couple of examples showing the effectiveness of these instructions. 
1. Question: A programmer wishes to save the contents of A temporarily. 
What is the fastest way to do it? 
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Answer: RXT A, D 

This is a transmission of A to D. 
2. Question: A programmer wishes to complement the contents of A- 
What is the fastest way to do it? 
Answer: R(#P, X0>R A, M2, A 

This is the "Exclusive <t)R" with binary l's. 
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Problem 11: 

Write a program that will count the number of times that the odd numbers between 1 
and 100 are divisible by 5. Store the amount that you find at address ODDITY. 



Flowchart: 




Problem 11 could be solved by coding in the following manner: 






tibodutL 



LOCATION 



Qell. 



OPERATION.MODIFIERS 



LMjJ^^J^mlukl^ 






ass_ 



£dL 



ADDRESS FIELD 



COMMENTS 



SML&i-i ^MbtilfaJA. 






exL 



-At 

i 






LM_ 



a^i 



J2^M- 






ML 



jEA/A. 



m&i/z^jAiar., 






fAQlM._ 



.... i 



§w4&. 



M 



WslLJdsi^ 



Student Problem 11 A: 



A sequence of terms looks like the following: 
S = 1, 3, 7, 13, 21, 31, 43, 



Of the first 100 terms, collect all terms divisible by 7 and store them in a table start- 
ing at address SET7. 

Flowchart: 



Problem 11A could be solved by coding in the following manner: 



LOCATION 


QFERATIOKMODfflERS ADDRESS FIELD COMMENTS 




' 1 13 1* M 1 2 1 M if «? i» *» '" 1 'S 1 " 




J ^ ] ^ t , , L . , __ ,_ : , ,^_ 




. | , . , , , . | 




i .,-■■. . ..... i •,:.: 




, j , , , , 1 , , , ■ , . 




] j 




I ! , , : L . . , . ■ : ■ ■ !_ 








, ! J 




,..-!.., .,...,.!. 












| % , | ...... ; 




....... 1 . . 1 ■,. . ■ ... 










:,■,,,- 


..,,.,,.,!,, 1 ; , , . ., ^-L. ■ - 
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RSW 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Swap the contents of Index Registers 2 and 3. 



SOLUTION: 



LOCN 



_LJ 1 I I I 



I'l'I'I'I'I'H 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



flSM 



i i i \ D \ * \ } \ B \ 3 i i i i i i i i i i i i i [ i i i 



8 9 J u | >Z | IJ 



K|"I"I"|H|"I'»I"I l»lillil| »|il|ii|H|li|ll|»|i.[]l|M| 1 7|M|m«lni|.;|. i |..ni|.i|. 7 |„|.,n D| 



PROBLEM: 



Swap the contents of the A and D registers. 



SOLUTION: 



LOCN 



i i i i i 



l» I »l« H H I' i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



R1K 







A^& 



i i i ' i i i i ' ' i ' i i i ' ' i ' i i i i i i i i i 



i 

10 I " I 12 I' 3 I 14 I 15 I'S|'7|I8 I 1 * |Z0|2'|22|23|24|25|26|Z7|Z8|29|3O|3l | 32 | 33 | 3« | 35 j 36 |3 7 | 38 | 39 j 40j 4 | 4Z | 4 3 | 4 « ) 4 5 | 46 | 47 | 49 | 49 ; 50 | 



PROBLEM: 



Swap the contents of A lower and Index Register 1 . 



SOLUTION: 



LOCN 



I ! I I 



l|2|3|4|3|6|7|« 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



RiSM 



i i i i i i 



ALyBd 



j— i — i i i i i i i i i i i i i i i i i i i i 



i i 

I0|ll |i2 |I3|I4|I5 |l6|i r|l6|!9|211|2l|22|Z»|Z4|;5|26|27|Z8|29|3r)|3l |3Z|33|34|33|36|37|3a|39|40|4 l [4ZI43I44I43I46I47I48I49I5QI 



PROBLEM: 



Swap the contents of A lower and Index Register 2, clearing the 
rest of A. 



SOLUTION: 



LOCN 



i i i i 



|2|3|<H|«|7|I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



RSMytfa i , i \A/. I? ,BJ, 



i i i i i i i i i i i i i i i i i i i i i i i i i i 



i 

i0|HjlZ|l3|i4|l3|H|>r|,B|l9|2O|2H22|Z3|24|23|Z6|27|Z8|Z9|3O|3i|32|33|3 4|i5|36|37|5B|39140|4'|4Z|43|44[4S|46|47|48[49|30! 
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GROUP 12 
SHIFTING OPERATIONS 





GROUP 12 






SHIFTING OPERATIONS 




1. 


A Right Shift 


ARS 


2. 


A Left Shift 


ALS 


3. 


Q Right Shift 


QRS 


4. 


Q Left Shift 


QLS 


5. 


Long Right Shift 


LRS 


6. 


Long Left Shift 


LLS 


7. 


Scale A 


SCA 


8. 


Scale AQ 


SCQ 



This group of instructions shifts the contents of A, Q, or AQ to the right or left 
order to most effectively position data. No memory reference is required. 



in 



The first six instructions are normal shifts that can be augmented as "end- off", or whose 
direction can be reversed under certain conditions. 

The last two instructions are used to scale quantities in the registers. The scaling of 
the quantity, along with the retaining of the scale factor, allows the programmer to 
solve highly complex problems of data manipulation with speed and accuracy. 



12-1 



The A RIGHT SHIFT Instruction 

"■"he A RIGHT SHIFT instruction is an instruction that shifts the contents of A, end-off, 
with sign extended (assuming there are no modifiers). The number of binary positions 
shifted is specified by K where K = k + (B ) + (V ). 

The maximum number of shifts for K is 48. If more than 48 are attempted, the shift 
is blocked and a Shift Fault occurs. 

[f EO is specified by the programmer, the shift is end-off with zeros extended. 

If SS is specified by the programmer, the direction of the shift will change if K <0. 
-n-„„ „„„™ n i ^ M a pir-HT sh'^t wl-iF-r-p K < will actually shift left, end-around. 
The number of positions shifted would be the absolute value of K. This is all checked 
i nd done in the hardware. 
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F 
O 
R 

M 
A 

T 



A RIGHT SHIFT 



ARS 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



°T^ 



J L 



"i — r 



J I L 



J L 



■< 



47 



23 



i — r 

J L 



i — r 
j L 



i — r 

j L 



0. 1 , b 



J I L 



NORMAL 



AUGMENTED 




COMPASS 



I a I 3 I < I ' I ' I ' i a 



OPERATION, MODIFIERS ADDRESS FIELD 



A.FS^&AfSA, .(inlifci.iti.. iv i 



i i 



i i ; i i i i 



,i |.Z I il i i« |.> I i6 I if | IS | 19 |Z0|2l|gg|Z3|M|2i|g6|!7|;e|2!.|!O|iM"l"l"l»l> 6 l i, l"l' 9 l 4 °l'' [ < g | < J ! « < | « S | « « | ■" 1 ■>» : 



Function code 



Optional, end -off — 
with zeros extended 



Optional, switch ■ 
direction of shift 
if K < 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

•Optional, base shift. 
Zero if omitted. 
*, current program address 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



tri hit 



it not programmable 
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ARS 



F 
L 
O 
W 
C 
H 
A 
R 
T 



D 
E 

S 

c 

R 

I 

P 
T 
I 

O 
N 



A RIGHT SHIF'I 



I'Okalvi'; ak^. 1:0. <S 



K - k " 0! ) + <Y V > 








— » 


lr.ytruc-tu.ri \i 

I ""~"" n 




J'"" 


: )» 


J 




\ t'S 










1 *.- i pp.-i- 
[iiotructiod \t 











ARS Right shift (A) end- off with sign extended 

ARS, EO Right shift (A) end-off with zeros extended 

ARS, SS Normal right shift if K > 

Left shift end- around if K < 
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ARS 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Right shift the A register 15 places. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i > i i i i 




/»ini5i 1 1 ! 1 1 1 \L\5 1 1 1 ! ' 1 1 ! 1 1 1 1 I ! 1 I 


I |2 | J |4 |9 ,E |7 | . 


9 


1 1 

10 |ll | <2 [13 | i* j IS ]'«|I7 |'l |l9|20|2l|22|23|24|25|26|27|2»|29|3O|3i | 32 | 3 3 | 34| 55 | 36 [ 3 7 | SB | 3 9 | 40| 4 | 42 | 4 3 | 44 | 4 5 | . 6 | 4 7 | 49 | 49 | 50 | 



PROBLEM: 



Right shift the A register by the number of places specified in 
Index Register 1 . 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




nAiSi i i ] i i i ijiii i i i i i i i i i i i i i i i i i i i 


l»l»l»|5|«l'l» 


9 


i i 

lO|lijl2|i3|i4|i3|l6|l7|lB|l9|20|2l|Z2|23|2«|25|26j27|2i|29|3O|3l|32|33|34|35|3e|37|39t39|40|4i|42|43[44|4ri!4S|47|4B;49|50 



PROBLEM: 



Right shift the A register six places, end- off. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




niftiOij ifci^i i i i i(bi i i i i i i i i ; , i i - i i ; i i i i | i ii 


1 |2 | 3 |4 |J |6 |7 | 9 


9 


1 l 

lO|H|l2|i3|i4|i5]i6|l7|lB|l9|20|2i|22|23|24|25|26t2712fl|29|30|3l|32|33|34|35|36|37|3Bj39|40|4i|42|43j44|45|46]47|4el49|50 



PROBLEM: 



Perform a right shift of six places if Index Register 5 contains 6. 
Perform a left shift of six places if Index Register 5 contains -6. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 




COMMENTS 









rliKiJi i I i i i i i., i5i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 


|2 | 3 |4 |, S |, | , 


9 


1 

10 | ' [■2|i3|i4|i5|i«|l7|i8| 19 | 20 |2I122|23|24[25| 26 (27| 29 (29130(31 


|32|33| 


34|3S|3S|37|3B|3»i40|*'j4!j4ij44]45:46t< 


7|48 ;49|5a : 
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The A LEFT SHIFT Instruction 

The A LEFT SHIFT instruction is an instruction that shifts the contents of A, end- 
around (assuming there are no modifiers). The number of binary positions shifted is 
specified by K where K = k + (B ) + (V ). 

The maximum number of shifts for K is 48. If more than 48 are attempted, the shift 
is blocked and a Shift Fault occurs. 

If EO is specified by the programmer, the shift is end -off with zeros extended. 

If SS is specified by the programmer, the direction of the shift will change if K <0. 
For example, an A LEFT SHIFT where K <0 will actually shift right, end-off. The 
number of positions shifted would be the absolute value of K. This is all checked and 
done in the hardware. 
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F 
O 
R 

M 
A 
T 



A LEFT SHIFT 



ALS 



MACHINE 



May be an 
upper or 
lower -"( 

instruction 



47 



°; 5 >: i i k . ■ 



23 g 

— i — i — i — i — i — i — i — 

i i i i i i i 



47 



t — i — i — i — i — i — r 

J I ! I I I L 



23 

'5 'b ! 



_L 



J I 1 I L 



NORMAL 



47 


t 


23 







7 1 ? ' 
i i 


| | | |7^5|4|3|2|l|0 


O.S.b, 


1 l k . 


1 



AUGMENTED 



COMPASS 




LOCN 



i' ' 3 1- 1» i« i' i < 



8 9 10 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ALS.iEigLS.S. iCia..)!*.,.*..!* 



i i i i 



I I L 



i4|lS|i6|l7|:S|l9jZ0|Z:|ZZ|Z3|Z4!Z5|Z6[Z7j2B|Z9|3Oj3l|3?|33|34|35j3«|37j3B|39| 



Function code 



Optional, end -off — 
with zeros extended 



Optional, switch 
direction of shift 
if K < 



4;|4»|«4|4» | <t | . 



7|4ei49|50l 



W J W J 

' — Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 



Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 



Optional, base shift. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



' d bit not programmable 



ALS 



A LFFT SHIFT 



FORMAT: ALS, EO, SS (a) k b, v 



K =k + (B ) + <V*> 



F 
L 
O 

W 

c 

H 

A 
R 

T 




D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



ALS 

ALS, EO 
ALS, SS 



Left shift (A) end- around 

Left shift (A) end- off with zeros extended 

Normal left shift if K > 

Right shift end- off with sign extended if K < 
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ALS 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Left shift the A register by 15 places. 



SOLUTION: 



LOCN 



I ' I ' I < I » I 8 I 7 I ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MSr 



im 



1 1 1 1 1 1 1 i^i? i i 



I I I I I I I I ! 



I " I" l"l'< I" l l «l'^l "l'»|ZO|i'|Zi|i3|»«|ga|g6|g7|2»i;»|30|li |M|il|34|i5|3«|»7|M|39|<m«' |4Z|4j|44|«a 



l«*l<7|<1'«»|50| 



L_L 



PROBLEM: 



Left shift the A register by the number of places specified in 
Index Register 2. 



SOLUTION: 



LOCN 



i i i i 



I 2 I 3 | 4 | i | 6 | > | 1 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



ALS 



i-Ji i i i i i i i)i*ti i i i i i i i i i i i i i 



-1—1 — 1 — I — I — LJ 1 I L_J I I i 

I" I 

■° l" I" I"!" I" I '6 | l' I" |H|20|Z'|gg|Z3|2*m|i«|?7|a«|a»|3O|3i | 3Z | 3 3 | 34 | 35 | 36 |3 7 | 38 | 3 9 | 40| 4 | 4 ; | 4 j | . 4 | 4 5 | . 6 [ 4 7 j 48 j «» | 50 | 



PROBLEM: 



Left shift the A register six places, end- off. 



SOLUTION: 



LOCN 



I ' I ' i ' 1 ' I <■ | 7 | I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ft\L \Siy E~\0\ i i i ,4i 



i j i i i i i i i i i ' i i ill 



l l " l"l'3|'«l'i M«[i7|H|H|a0| a i|;»|aa|g4|t5|2«|?7|81|;»|10Ui |3Z|U|34|35|M|17Heu»|40|4i |4g|43|44|4i|4C|47|4||4»|io, 



PROBLEM: Given: (B ) = a positive or negative number. 

If (B^ ^ 0, left shift A by the value in Index Register 1. 

If (B ) < 0, right shift A by the absolute value in Index Register 1, 



SOLUTION: 



LOCN 



i'ii' 



""""""" 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



n\L : S l) SiS l i i i l? iXi 



' I I U \M I i I L-I—LJ 



J — I — I I I I I I I I I I 



">l" l'i|H| '4|i» |ii|lf |H |l»|iO|gi|21|g3H4|i»|gS|87|gl|Z3>|311|3i |3Z|33|34|35|3»|37|3«|3» 1 40|4' |4g|43|44|43|4«|47|4 l |4a ;^ 
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The Q RIGHT SHIFT Instruction 

The Q RIGHT SHIFT instruction is an instruction that shifts the contents of Q, end-off, 
with sign extended (assuming there are no modifiers). The number of binary positions 
shifted is specified by K where K = k + (B ) + (V ). 

The maximum number of shifts for K is 48. If more than 48 are attempted, the shift is 
blocked and a Shift Fault occurs. 

If EO is specified by the programmer, the shift is end -off with zeros extended. 

If SS is specified by the programmer, the direction of the shift will change if K <0. 
For example, a Q RIGHT SHIFT where K <0 will actually shift left, end-around. The 
number of positions shifted would be the absolute value of K. This is all checked and 
done in the hardware. 



12-10 



F 
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R 

M 

A 
T 



Q RIGHT SHIFT 



QRS 



MACHINE 



May be an 
upper or 
lower 
instruction 



r 



47 



I 9 I u I 
2 ! b | 



23 



JLl 



J I L 



"i — i — r 
j i L 



< 



47 



23 



i — i — i — i — i — r 



J I I L 



J L 



"I — i — r 



,2 ,b 



l u I I L2U_ 



NORMAL 



47 



23 



,i,i ; i — y : itt 

7 ■ 7 . | . V i d l ° |T|.|»KHl«|.|0 



' 2 'b ' 

I I L 



. k . ■ 



AUGMENTED 




COMPASS 



10CN 



i i 



OPERATION,M0DIFIERS ADDRESS FIELD 



COMMENTS 



Qff l g ljl g\rijig l g. iL?*Lk±±ik±+iv 



i i i i i i 



i 

| Z | 3 [4 | 5 |6 [7 |a|9|:0jl! |l2|l3|i4|i&|i6M7|.e|l9|20|Zljg;i23|24|ai|36|2/|£B|J9|3O|3i|^|S3|3t|S5|36|37;3e|i9|40;< |4g|43|44|45H6|47|4B|^9|SO| 
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Function code 



Optional, end -off - 
with zeros 
extended 

Optional, switch - 
direction of shift 
if K < 



W J '^- J 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

•Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base shift. 
Zero if omitted. 
*, current program address. 

•Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



fd bit not programmable 
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ORS 








Q RIGHT SHIFT FORMAT: QRS, KO, SS U) k. b, v 


K = k + (B b ) * (v''l 


F 
L 




E„^?> /? ... ,)j "°,r\-J KK< 48 -V" J™ ... . V^L^ 


Right Shift 
<Q) By K. 
Sign Extended 








^- 






- I \ .-ipecifien • 1 








Yes 






No 














O 
W 
C 






















K <0 


^ No 




Right Shift 
(Q) By K, 
Zeros Extended 


r 


LJ 






% 


\y 














__ 7 














H 
A 
R 

T 
























| 












Instruction at 
(P) a.s Next 


— Kj 




Shift Not 
Performed 




Shift Fault 
Interrupt 




/proc PB3 \ A / Was 
^te m p,MH( ln.tr 


\ No 


\Actlve? / 




f 


















No 








< |k| < lB \Z2>Jm \ »°„ 
- - J V Specified^ 1 / 


Left Shift 
(Q) By |Kt, 
End- Around 


/^ 




\ 


V 




Instruction ai 














(P) + 1 as Next 


















Instruction 






Left Shift 
<QJ By |K| , 
Zeros Extended 




















QR.S Right shift (Q) end- off with sign extended 






QRS, EO Right shift (Q) end- off with zeros extended 




QRS, SS Normal right shift if K > 




D 


Left shift end- around if K < 




E 






S 






C 






R 






I 






P 






T 






I 






O 






N 
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E 
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A 
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L 
E 
S 



I QRS 



PROBLEM: 



Right shift the Q register by 15 places. 



SOLUTION: 



LOCN 



i i i i i i 



LLLLLHi-LLLUJ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



O&Sl 



i i i 



i i^-i j i i i i i i i i 



'JJL 



j i i i i 



'" 1 " I ' 2 l i;> l 1 ^ !•= 1 '^ r^ | '» I --9 | a° | g'|ag |?3|g-.|as i ;'6 i^7|ge,e 9 |io|3, iJjrlJ^ia-tiJs^ei^i-^aisai^oit. i<3 |«i|44 | .5|, 6 | <7|< , , <8 | 50 



PROBLEM: 



Right shift the Q register by the number of places specified in 
Index Register 6. 



SOLUTION: 



LOCN 



i i i i i 



I 2 I ' I ' I = I s I ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



&&L 



A 



J — I — LJ — I IJI»I I I I I I I I I I I I ' I I I 



^l' l' 2 l"l"'l' 5 i l6 l l M'»Pg|g°|g'|Zg|?J|?»|g^|g«i|?r|;a|;->|ao|3.|3;|IljH|15|3S|37|3B|39|^0 ! « |4;|«i|.«|4!,|«,EH7|««,«-li; 



PROBLEM: 



Right shift the Q register by six places, end- off. 



SOLUTION: 



LOCN 



j_j_ 



i ; ' ' i • i' '<■ i ' i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



aRS:y£d , , , \L 



1 — I I I I L_l_ 



- i i : i i i i i i i 



'° ' " | i; l "| l, l "l' 6 r 7 l"l"'|g°|g | |gi|gi|g«|g'|Z«|g 7 |;e| ; 9UO [ I M 3;|33|34|3S|I6|;7|3 e |39|40|., | 4; | 41 | 4 4 | . , | . 6 | 4 7 | 4 . , «9 , So 



PROBLEM: Given: (B ) = -38 during one pass of a loop. 

Left shift Q by the absolute value of this quantity. 



SOLUTION: 



LOCN 







'''"•"""" 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



Q,*S,,,S,S 



j l -'M I I I I I )!-'! I I I I I I | | | | | ; | | i i | i i i j i | i | | | | | 



! °l" I" I" I" I" I'*!"!" I '8 |g0|?'|Z;|!3|24|<5|;S|Z7|;ii|;.>|3O|il | 1? | 1 1 | 1 4 | 13 | 16 j 1 7 | 39 | 19 [ 40| 4 | 4 ; j 4 l ; 4 4 | 4 j | 4 6 | 47 | 49 I 4 9 | 3 9 
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The Q LEFT SHIFT Instruction 

The Q LEFT SHIFT instruction is an instruction that shifts the contents of Q, end- 
around (assuming there are no modifiers). The number of binary positions shifted is 
specified by K where K = k + (B b ) + (V V ). 

The maximum number of shifts for K is 48. If more than 48 are attempted, the shift 
is blocked and a Shift Fault occurs. 

If EO is specified by the programmer, the shift is end-off with zeros extended. 

If SS is specified by the programmer, the direction of the shift will change if K <0. 
For example, a Q LEFT SHIFT where K <0 will actually shift right, end-off. The 
number of positions shifted would be the absolute value of K. This is all checked and 
done in the hardware. 
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T 



Q LEFT SHIFT 



QLS 



MACHINE 



May be an 
upper or 
lower 
instruction 



r 



47 



23 



°. 6 l b 



J I L 



"i — i — i — r 



j L 



J L 



< 



47 



23 



t — r 

J I 



i i i r 



O 1 6 ' b ' 

i i i 



NORMAL 



47 



23 



-. i _ i , i n n 



n i R i, i ; — 



AUGMENTED 



COMPASS 




LOCN 



J I I I I I L_ 



i ' i ' n i' i ' i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



gliS^.f^iji^iSi i^O.tdjifcijiV 



J I I I I I UJ I 1 L_ 



A 1 I L_L 



_J I I I l_ 



•2 Ml 114 115 |'6, 



I I 

7|.B|i9|2O[gl|?g|;i|;4|25|26|g7|gBj29|3O|3l|3g|ll|34J35|36[17|3B|19| 40|«' j42 |4J|- 



45]«6|47|4H j 49|i0 



Function code 

Optional, end -off 
with zeros 
extended 

Optional, switch 
direction of shift 
if K < 



■Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base shift. 

Zero if omitted. 

*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t 



d bit not programmable 
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QLS 



Q LEFT SF5IFT 



FORMAT t^LS. KO. ^S 



K = k - (B 1 - (V 



F 
L 
O 

w 
c 

H 

A 
R 

T 




D 
E 

S 

c 

R 

I 

P 

T 

I 

O 

N 



QLS Left shift (Q) end- around 

QLS, EO Left shift (Q) end- off with zeros extended 

QLS, SS Normal left shift if K > 

Right shift end- off with sign extended if K < 
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PROBLEM: 



Left shift the Q register by 15 places. 



SOLUTION: 



LOCN 



i i i i 



I ; I » : « i» I 6 I ' i » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



OLSLi. 



j i i i i 



UL 



i i i i i i i i i i ' i i i i 



10 I II 112 lis lit lis p< 



|«|I7|H |IS |20|2tl22|23|24|25|26|27|29|29|3O|3l | 32 | 3 3 | 34| 35 | 36 |3 7 [ 39 | 39 | 40| 4 | 42 | 4 3 | 4 4 | 4 5 | 46 [ 47 | 46 j 49 | 50 | 



PROBLEM: 



Left shift the Q register by the number of places specified in 
Index Registers 2 and 3. 



SOLUTION: 



LOCN 



OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



Q.LS, 



i i i i i i i j i 3ij i 3 i 







i i i ■ i i i i i i i i i 



i'i'i' 'I* 



i i 

9 1'° I" I" I" I 1 * i"l"l"l" l'9|20|2l|22|;3|;4|25|26|27|29|2913O|3l | 32 | 3 3 | 34| 35 | 36 | 3 7 | 3» ! 39 | 4Q | < , , 42 | 43 | 4 4 | 4 5 | 4 6 | 4 7 | 49 I 49 | 3 



PROBLEM: 



Left shift the Q register by six places, end- off. 



SOLUTION: 



LOCN 



-J i L— J 1_ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



QLSyE^ , , , |4 



J LJ LJ I I i i 



-1— J — I — I — I LJ 1 1_J I I I I I I I 



| 2 | 1 | 4 | 3 | 6 | 7 | I | 9 | 10 | ll | -Z | 13 | '4 |H| H |II '■ I 19 | 20 | 2 I | 22 | 23 | 24 | 25 | 26 | 2 7 | 29 [ 29 | 30 | 3 I | 32 | 3 3 ] 1 4| 35 | 36 |3 7 | 5» | 39 | 40| 4 i 4 2 | 4 3 | 44 | . 5 | 4 6 | 4 7 | 4» | 49 | 3Q ; 



PROBLEM: 



Shift the Q register according to the contents of Index Register 2. 

If (B2) > 0, left shift Q by the value in Index Register 2. 

If (B ) < 0, right shift Q by the absolute value in Index Register 2. 



SOLUTION: 



LOCN 



■i i i i i i 



''""" |s |7 " 



OPERATIOMODIFIERS ADDRESS FIELD 



COMMENTS 



fl.LiS.j.SiS. 



I I ) 1 *H I I I I |_l 1 I I I I ! I I I I I I I l I I I I 

I i 

) l"l li! l | 3| l M l!i |'6|l7|lg|l9|gO|2l|22|;3|;4|25|26|27|2a|29|3Pj3l|3?|33|34|35|36|37|36|39|40|4|42|43144j43|46!47j4flj49|50] 
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The LONG RIGHT SHIFT Instruction 

The LONG RIGHT SHIFT instruction is an instruction that shifts the contents of AQ, 
end-off, with sign extended (assuming there are no modifiers). The number of binary 
positions shifted is specified by K where K = k + (B ) + (V ). 

The maximum number of shifts for K is 96. If more than 96 are attempted, the shift 
is blocked and a Shift Fault occurs. 

If EO is specified by the programmer, the shift is end-off with zeros extended. 

If SS is specified by the programmer, the direction of the shift will change if K <0. 
For example, a LONG RIGHT SHIFT where K <0 will actually shift left, end-around. 
The number of positions shifted would be the absolute value of K. This is all checked 
and done in the hardware. 
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LONG RIGHT SHIFT 



LRS 



MACHINE 



May be an 
upper or 
lower -K 

instruction 



47 



23 



°; 3 i b ; 



, k , i 



i — i — i — i — i — i — r 
j i i 1 i i L 



47 



23 



t — i — i — i — ( — i — r 

J I ! L_J I L 



' 3 . b . 



JJEJ L 



NORMAL 



47 



23 



ii i — n — m 

I I I V | Q | ° |7|6|SH|3|2|I|0 



jj, i ; — 



AUGMENTED 




COMPASS 



LOCN 



i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LRS;. l E$,*S£t i^Ji/dji/.ji^i 



J LJ LJ I I I L_l_ 



I I 

| ; ! 3|4|5|6|T|e|9|i0;.i|i;|i3|K|i»|i«|iT|H|H|2l>|gi|aa|g3|2»|2»|Z6|gT|2l|g»|i°|3'|3g|»>|3«|"|3«|"|"|"l«°l<'l 4 'l 4 'l << l , 'l < 'l ,7 l 4 'l*»l'°l 



Function code- 



Optional, end-off- 
with zeros 
extended 

Optional, switch - 
direction of 
shift if K < 



l_ 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base shift. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



'd bit not programmable 
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,LRS 



LONG RIGHT SHIFT 



FORMAT: LRS, EO, SS 



K = k * (B") + (V v ) 



F 
L 
O 

w 
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A 
R 
T 




LRS Right shift (AQ) end- off with sign extended 

LRS, EO Right shift (AQ) end- off with zeros extended 

LRS, SS Normal right shift if K > 

D Left shift end- around if K < 

E 
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N 



12-20 



I LRS 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Right shift AQ by 38 places. 



SOLUTION: 



LOCN 



J_J I 1 L_ 



I'HI'IM'I'M 



OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



Lifts, 



1 3 3 \ 



1 — I i I I I IJIPI I I I I I I I I I I I I 



J I I I L_l_ 



I I 

10 I" I" l''l 14 I 15 I"!"! 1 ' L±JiiiiiiilllHllHililLlILillillJ£i± |32|33|34j3S|36|37|39|39|40|4 | ■» g | « 3 | ■■ 4 | « 5 | « 15 1 1 7 | < B j 1 8 | 5 



PROBLEM: 



Right shift AQ by the number of places specified in Index Register 4. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


11 




/ OP ' ' 

1-lAClSl 1 1 1 1 1 | \y \f 1 1 1 1 1 1 | | | | ! | | ! | I | | 1 


1 i a i s I « l» l« 1 ' 1 • 


9 


1 1 

"M"l' 2 l'3n«l'3|'«M7|lB|l9|2O|2lj2.2J23|24|25|2€|27|28|29|30|3'|32133|3 4|35|36|37|38|39|40,4'|42|4j|«4|45|46|47|4e'49|30| 



PROBLEM: 



Right shift AQ by 24 places, end- off. 



SOLUTION: 



LOCN 



J- 1 -1_ L I. 1_L 



I' I ' l 4 I' l« l' n 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



L&S^&d a.# { 



J_J II!! I I I I I I I I 



'°l" I" l" l 14 I" l l6 l l, l"l l8 l'°l"l'Z|Z3|24|25|26|27|2e|;»|3l)|lM32|33|34|3;|I6|3r|;«H9|«0|. j 42 | 4 j | 4 4 | 4 5 | 4 6 | 4 7 | 4 | | 49 | j . 



PROBLEM: 



Shift AQ according to the contents of Index Registers 3 and 4. 
If (B 3 ) + (B 4 ) > 0, right shift AQ by the sum of their values. 
If (B 3 ) + (B 4 ) < 0, left shift AQ by the absolute value of the sum of 
their values. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 




i i i i i i i 




■— |f\|J|, lOlii i i i i ji3ij iTi 1 1 1 I I 1 i I I ii 


■ \2 | 3 |. |3 |6 ,7 » 


9 


1 

'»! " l'2 M3|I4 |I5 6 .';H|i9 | 20 | 2 I | 22 [ 23 | 24 | 25 | 26 | 2 7 | 2< | 2 9 | 30 | 3 


■|32|,3[ 


i 

34|35|3€|3 7|3B|39[40|4j42;43|44|45|4e 


|47|..;.»|30| 



The LONG LEFT SHIFT Instruction 

The LONG LEFT SHIFT instruction is an instruction that shifts the contents of AQ, 
end-around (assuming there are no modifiers). The number of binary positions shifted 
is specified by K where K = k + (B ) + (V ). 

The maximum number of shifts for K is 96. If more than 96 are attempted, the shift 
is blocked and a Shift Fault occurs. 

If EO is specified by the programmer, the shift is end-off with zeros extended. 

If SS is specified by the programmer, the direction of the shift will change if K <0. 
For example, a LONG LEFT SHIFT where K <0 will actually shift right, end-off. 
The number of positions shifted would be the absolute value of K. This is all checked 
and done in the hardware. 
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LONG LEFT SHIFT 



LLS 



MACHINE 



May be an 
upper or 
lower -i 

instruction 



47 



' 7 'b ' k 

111 I LjLl L 



23 



i — i — i — i — i — i — r 
j — i i i i i i 



o ^ 



47 



23 



"i — i — i — i — i — i — r 

J I ! I I I L 



■ ? i*> ■ | ik i i 



NORMAL 



47 



7 1 , i . i n fH 



23 



COMPASS 




AUGMENTED 



LOCN 



i' i > i < i» i c i ' i ■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LLSiyiFi^ijiiSi \C»->)\k\,ii>i 3 iv 



i i i i i i 



i i i i i j 



i i i i i i i 



i 

lgjl3|l4|l5[»6|l7|IB|l9|20|2H22|E3|24125|2t|gr|2a|29|30|3l[32|33|34|35|36|37|3a|a9|40|4ij4a|4i|44|45|<6|47|4B|<9|50[ 



Function code- 



Optional, end -off 
with zeros 
extended 



Optional, switch - 
direction of shift 
if K < 



L 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base shift. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



'd bit not programmable 
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LLS 



LOVC LFFT SHIFT 



FORMAT: LLS, FO. SS 



K = k + (B u ) + <V V ) 



F 
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O 
W 
C 
H 
A 
R 
T 




^iKk.S^p^,',,,,,,,^ 



Might Shift 
<\Q> !>> |K|, 

Sign IXu'ndod 



~ 9 



HiL'IH Shift 
(UJHiv |K|, 



L'se Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
<P)+ 1 As Next 
Instruction 
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LLS 

LLS, EO 
LLS. SS 



Left shift (AQ) end- around 

Left shift (AQ) end- off with zeros extended 

Normal left shift if K > 

Right shift end- off with sign extended if K < 
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PROBLEM: 



Left shift AQ by 38 places. 



SOLUTION: 



LOCN 


OPERATION.MODIFIERS ADDRESS FIELD 


COMMENTS 


1 I 1 1 ! 1 ! LLS, i > : 1 1 1 \3\i\ 1 I 1 1 1 1 ' 1 1 1 1 1 1 ! i 1 1 1 ; 1 1 1 II 


, | 2 , J | . | 5 | 6 | 7 I 8 


1 

9 | , J :3. 4'iS::6'i7|p8ii9|20,2i|22|23|24|2S(26|27,28[29|30,3 


i 

i , 32|33|34|35|36|37[38|39|40,4 !42,43|44|45,46j47|48l49|50 



PROBLEM: 



Left shift AQ by the value specified in Index Register 1, 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




LLS i ij i 1\ i i i i i i i i i i i i i i i i i i i i i i i ; i i i i i 


l |J ,3 [4 |« |. [7 |> 


9 


0|'i|i2|i3|;4|i5|:«|i7|i8jl9|2O|2)|22)23i24|2i|2«|27j2B|29|3O|3l|32j33|J4|35|3fi|37jS8|39|4O|4i|42!43144|45|46|47|46|49|3O| 



PROBLEM: 



Left shift AQ 93 places, end-off. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 




i i i i i i i 




LiLiSij iCj^i i i i \1\3\ i i i i i i i i i i i ' i i i i i i i i i i 


l | 2 | J |4 | 3 | 8 | 7 | a 


, 


i 

°l il l | 2|'3|l4|lS|i6|l7ll8!l9|20|2l|22t23|24|25|2S|27|2B129[30p 


l|32|33|34|35|3«| 


i 

37 |S8]39| 40|4: ,42 ,41,44,45 


48|.7,4,,49,J0 ; 



PROBLEM: 



Shift AQ according to the contents of Index Register 5. 

If (B 5 ) > 0, left shift AQ by the value in Index Register 5. 

If (B 5 ) < 0, right shift AQ by the absolute value in Index Register 5. 



SOLUTION: 



LOCN i OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




L [ilS 1 j 1 J|J | , 1 | \a\S\ | , , | | | | | i , ; 1 , , 


1 1 l ■ ' ■ 1 


i J__J 


l 12 13 14,318,7,8 


9 


1 

C | . :2 i i3i.4!t3;i6M7!'e[l9|20,2i,27|23|24|23,2fe[27,?8,29|3O,3',J2jl3|34,35j36 


! 7 ; 38 | 3 9 j •» ■ «■ |4^ 4> : <;a «5; *6| 4 7 


46 j 19150! 



1 2 - 9 F, 



The SCALE A Instruction 

The SCALE A instruction is an instruction that scales an operand in the A register. 
The scale factor, K minus the number of left shifts needed to scale, replaces the 
contents of the designated index register specified by b. 

If the contents of A are originally zero, scaling is not performed and K replaces the 
contents of the index register. 

If the operand is already scaled, K replaces the contents of the index register. 

If K is less than the number of left shifts needed to scale, only K number of left shifts 
will result. The operand will not be scaled and zeros will replace the contents of the 
index register. 

The bank term a determines the value of the operand bank setting. If it is not used, 
the current operand setting will be replaced by the value a. In either case it will not 
affect this instruction. However, it could affect future instructions that reference 
memory for operands. 
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SCALE A 



SCA 



MACHINE 



May be an 
upper or 
lower -K 

instruction 
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■ i i I I i| 
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1 l k 1 
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47 
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i u i ° 


i 
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3 ; 4 ; b ; 


1 l k 1 


i 



> NORMAL 



AUGMENTED 



v-v-/ s^ 



COMPASS 




LOCN 



_LJ I I I I L_ 



I' 1 3 1« l» l« I' I ■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S£A 



i i i i i i i 



fi«Ji£i,iJ»i,iVi 



jipi^ivi I I I I I I I I I I I I I I I I I 



I 

0tM|>2|>S|i4|lS|i€|l7|H|l9|2O|Zl|22|;3|24|25|g6|g7|Z8jZS|3Oj3l|32|33|34|35|36|37|3B|39|40^i|4;|43|<4|45|46|47|^B|<9|S0 



Function code 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 

Zero or omitted, use no index. 

1-6, use register as destination for 
scale factor. 

7, use indirect addressing. 

-Optional, base shift. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



td bit not programmable 
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SCA 
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SCALE A 












FORMAT: SCA 


(a)k, b 


v 










K 


k . 






Yes 


















f 




Enter^> ~9 


1 K = O 


/ 


4 (A> - 


V> 


\ /k < Number \ 
\ No J of "Shifts L 
/ ^ Needed to / 

/ \Scale? / 


fes , 


Left Shift 
(A) Uv K 


Clear (B b > 




-J 






Yes 




No 


| 








Scale (A) i * 


K - Number 
of Left . 
Shifts *B 





















































D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



} K g 9 (P) as Next 
/ Instruction 




Use Upper 
Instruction at 
(P> -r 1 as Next 
Instruction 



SCA 



1) Scale (A) or shift until K goes to zero 

2) Scale factor saved in B 
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SCA 



PROBLEM: 



Scale A using 2057 octal for K. Scale factor goes to Index Register 1 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIEED 



COMMENTS 



[5 /?,/?, 



|g|»l«i»l«IM»i» 



_l I I I \ j ) fi^ \ 7 \ $ \ j \ l\ I I I | ! | ; i | | i | 

I I 
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PROBLEM: 



Scale A using 3 for K. Scale factor goes to Index Register 2. 



SOLUTION: 



LOCN 







OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S\C\fJ-\ i i i i i i \3\ j i^i i i i i 



l l l i i i i i i i i i ;: i i i i 



I' ■ ' I * '' I ' I 7 I ' I 9 I 10 I" l"*' >l'4|H|'«|'>|H|i»HO|li|i?Hi|84|i>|;t|;7|a»|8»|30|ll |l?|l>|34|35|i6|a7|ie|39|«»|4 ! 43 | 43 ! 4 4 ! 4 5 | 46 j 47 , 4. | 4» |3Q 



PROBLEM: 



Scale A using the contents of Index Register 4 for K. Scale factor 
goes to Index Register 5. 



SOLUTION: 



LOCN 



' ; '"' " i* i' i' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i£& 



j — i i i i i i i 



J I J| j I VI 



_i — i — i l_i : I i : i_ 



l i 

"I" l"l"l'4 |i5 M« |if l'« |H|20| Zi|i2|?3|?4|83|?«|;7|Z«|;»|3ll|3i |3;|33|34|35|3«|3 7|31|3»|«0|«, |<;i4J|<4|«»|4t|4r|4 < .4»| 5 



PROBLEM: 



Scale A using k = 15 modified by Index Register 3 for K. Scale 
factor goes to Index Register 4. 



SOLUTION: 



LOCN 



I'|3j4|3|«|7|l|» 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



sm. 



J ! I 1 1 L 



■Zl J| jiTij i3i l_l 



J I LJ_l_i._L- i L 1. . ;.. J l L_ 

i 
!'■ |H |;0|;i| g ;|g3|;4|Z4[;t|iT|;.|> i | iup, ! 3/ inn4|3i|i« l 3 7i3B i 3»i40-4 ;4?;«>,< 
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The SCALE AQ Instruction 

The SCALE AQ instruction is an instruction that scales an operand in the AQ registers. 
The scale factor, K minus the number of left shifts needed to scale, replaces the con- 
tents of the designated index register specified by b. 

If the contents of AQ are originally zero, scaling is not performed and K replaces the 
contents of the index register. 

If the operand is already scaled, K replaces the contents of the index register. 

If K is less than the number of left shifts needed to scale, only K number of left shifts 
will result. The operand will not be scaled and zeros will replace the contents of the 
index register. 

The bank term a determines the value of the operand bank setting. If it is not used, 
the current operand setting will be replaced by the value a. In either case it will not 
affect this instruction. However, it could affect future instructions that reference 
memory for operands. 
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T 



SCALE AQ 



SCQ 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



3^>TT 



23 



II L 



n — i — r 



n — i — r 



j i i i L 



47 



23 



1 — I — ! — T 
J ! I L 



i — r 

J L 



o I ,, > I 
3 i 5 . b ■ 



_LiU L 



NORMAL 



47 


t 




23 







7 ! 7 ' 

II 


1 U 


i 

PI«|5h|5U|l|0 


3,5 ,b, 


1 l k 1 


1 



AUGMENTED 



St* W J 




COMPASS 



LOCN 



i ' I 3 I < l» I ' I ' I « 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



$m 



i_J ! I l I I I (lfl-1 



(_\a.\)\k\^\b\ ? \V\ i i i i i ! 



i i i i i 



' 



I 

>|N|i2|'3 i l4;iip6 1 ..-|!e;l9|gO|Zl|22|;i|?4|25|Z6|i!T|2B|29;30|l'|iZ|35|34|S5[36|37|5B|39)40j4i|<Z|4)|<4|4i|46l4T|4e|*9|SO| 



Function code 



1 Optional, second index designator. 

Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 



-Optional, first index designator. 

Zero or omitted, use no index. 

1-6, use register as destination 
for scale factor. 

7, use indirect addressing. 

-Optional, base shift. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Ooerand Rank Register. 



td bit not programmable 



J 



1 2-31 



SCQ 



D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



FORMAT: SCQ (a) k, h, v 



K = k + (VI 



F 
L 
O 

w 
c 

H 
A 
R 

T 




K-0? \ 22— ./(a 



^hM^ 



/ v use Lower 

/"~"\ I Was \ m Instruction at 
( 1 )— W Instruction I ^*\ (P> ** Next 



\ Lower? I 



Use Upper 
Instruction at 
(P) + 1 as Next 



K < Number 

Shifts Needed } Yes, 
Scale ? 



Left Shift 
<AQ) by K 



*! Stale <AQ> 



K - Number of 
Left . 

Shifts -* B 




SCQ 



1) Scale (AQ) or shift until K goes to zero 

2) Scale factor saved in B 
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SCO 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Scale AQ using 2057 octal for K. Scale factor goes to Index 
Register 1 . 



SOLUTION: 



LOCN 







OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S£& 



J_l LJ LJ L_L 



MSa&x^lx 



I I I I ! I Ill 



i»i»i«i»i«m« 



I l 

O|'|' g l'>l' < l'5) l «l t 7|'9|'9|2O|2'|22|23|24|23|28127j2B|29|3O|3l|32|33|34|35|36|37|3e|39|40 1 4l|42|43|44|45j46[47|4a|49|5O 



PROBLEM: 



Scale AQ using the contents of Index Register 3 for K. Scale 
factor goes to Index Register 4. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


1 1 1 1 1 1 ! 




'l'ni 1 1 1 i I 1 1 ji7l« \3\ i i i i i i i i i | i i i i i 


, |2 , 3|« |3 |t |7 |l 


9 


i i 

l0|H|iZ|l3|l4|li|!S|l7|IB|!9 1Z0|2t|Z!|23|24|25|?6|Z7i2S|29|3O|3l|32|33|34|35|36|3?|3e|39|40|4<|4?|43|44|45|46|47|46|49|50; 



PROBLEM: 



Scale AQ using 6 for K. Scale factor goes to Index Register 2. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i 



5igiffl 



J I i i i L_! 



(?\f\X I i I I I I I I I I I I I 



" "'i' 



I 

10 I H I 12 I 13 I 14 |>5 |l«|l7|ie|H|20|2l|22|2»|24|25|2S|27|2a|2»|30|3l | 32 | 3 3 | 34| 35 | 3S |3 7 | 38 | 39 | 40| 4 i | 42 | 43 | 44 | 4 5 | 46 | 47 | 4$ | 49 | 30 ; 



PROBLEM: 



Scale AQ using 9 modified by Index Register 5 for K. Scale factor 
goes to Index Register 1 . 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 


COMMENTS 


i i i i i i i 




£>\C-\0(i i i i i i i i7i , i-t) j 1*1 i i | i i i i i i i i i i i i i i i i i i i i i | , 


' |2 | J | . |3 ,6 |7 | . 


9 


1 

I0|li|l2|l3|l4!li|l6|l7|li|l9|20|2l|22|23|24|23|26|27|29[29|30|3i 


i 

[32|33|34j35|36|S7|Jfl|39[40|4!J«Z|«3|44j«5|46|47|4i|49|50! 



NEW CONCEPTS OF GROUP 12 

For any register, whether it be A, Q, or AQ, it should be remembered that the normal 
shifts to the right are end-off with sign extended, and that the normal shifts to the left 
are end-around. 

Operation field modifiers can change the pattern of shifting. The modifier EO means 
end -off. This means that no matter which direction the shift, it is always end- off, and 
zeros are always extended. It's like a table holding a line of rubber balls. As you 
push the balls in either direction, they fall off and none replace them. The modifier SS 



will change the direction of the shift if K< 0. Usually K varies during the program from 
positive to negative and vice versa allowing the programmer to position and reposition 
data. 

The scale instructions allow the programmer to convert numbers to different computer 
formats. Here the left shift takes place until the most significant bit is just to the 
right of the sign bit. This is so that the sign of the operand does not change and so 
that it is in fractional format. 

For each left shift the contents of an index register is reduced by 1. This quantity is 

called the scale factor . For each left shift of 1 the operand is effectively multiplied 

by 2. Correspondingly the exponent is reduced by 1. This means that the operand 

with the exponent always retains the same value. In other words an octal 5- 2 is 

3 
equal to an octal 50- 2 (note the multiplying of the coefficient and the reducing of the 

exponent). 
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Problem 12: 

Assume a set of BCD characters has been read into memory starting at address 
INPUTREG, but that the characters are backwards. Write a subprogram that will 
reverse the assembly of the first word. In other words: 

(INPUTREG) = HGFEDCBA should be (INPUTREG) = ABCDEFGH 



Flowchart: 




Place Word 
In Q 



Transmit (Q) To 
A In Reverse 

Assembly 




Problem 12 could be solved by coding in the following manner: 



IM&&S&. 



LOCATIOH 



VMiaiM 



...X L_J L- 



QPER«n0N,M0OlflERS ADDRESS FIELD 



tB£tft_ L ^S£&J&L_ 



S.U TM , ■ , , &MM &&. , : . 



S&5-L- 



ay£_ J _i_L_ 1 _ 1 _LjQ^ii. 



4&4_>_l ^ ,_ .. ( &MMTM&.. 



l&^^-MA 



COMMENTS 



JL 



..^i 



CJM&ASTj f A Ctiu /JT&K i 



£45.. 



\tA. 



LLS £ 



&£. 



jik. 



^4SL 









.ESiL 



jwjJL 



IJ£-JLM£L 



SUl. 



^ME^LOiAK^ 



%TA fo/ptuT MS . 



sii^^^^Mtim^ 



B&u^. 



_L_i-.-l— i_J_ 






Somewhere within this subprogram would also be included the symbol INPUTREG in 
the location field with a declaration of the prestored data or area reserved. 

The forming of the reverse assembly can be seen more clearly by the following figure: 

Instruction: LDA INPUTREG 
LRS, B0 48 



(A) "- 0- 



->0 (Q) - HGFEDCBA 
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Instruction: QLS 42 

LLS 6 

( A > " ° >0A (Q) = H G F E D C B 00 

Instruction: QLS 36 

LLS 6 

( A ) = o S>0A B (Q) = 00 H G F E D C 00 

Student Problem 12 A: 

A group of BCD characters at address REVASS looks like the following: 

(REVASS) = GHEFCDAB 

Rearrange this word so that the letters are in alphabetical order. 



Flowchart: 
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Problem 12A could be solved by coding in the following manner: 



LOCATION 


QPERATION,MODrERS ADDRESS FIELD COMMENTS 








! ■ 




i 1 ■ ■ ; — * -i- 


--■^.■--— ■ — ■- 


I | , . ■ 1 L. 






t [ . _,_._. J _,_. _ , _, _ :_„._ : _. ., . _ .._,. ., ,. 




! L. ...:••- _.l_i..:.— ^.-.- 




| ■ , , J. . . ■ ^: . - ,_;_; - 




} j . .-,...■ 




J { L 




j . , , ■ ■ ■ . . j_ ■ ■ 1 . J . 1-i L_. - ■ .... "... - J- '-1- - — ■■ -i -J-. - <— 






| , 1 ■ .. LJ ^ • , i ^ J_l_ 




i .1 . , , i l ■ i ■ i : : 




; i i 1r|gJca . jti .- 


:■■>.::■■ 


.. _,^..^_ l ...i..^....x„, „.^... , ,.^„, ........ .... ,,L.,,, ..... _. ............ „^., . ........ .... ,.....,_,„,. 
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GROUP 13 
LOGICAL OPERATIONS 



GROUP 13 
LOGICAL OPERATIONS 



1. Selective Set 

2. Selective Clear 

3. Selective Complement 

4. Selective Substitute 

5. Load Logical 

6. Add Logical 

7. Subtract Logical 

8. Store Logical 



SST 

SCL 

SCM 

SSU 

LDL 

ADL 

SBL 

STL 



This group of instructions is used to manipulate binary data, and to set, clear, extract, 
and insert bits of data. One memory reference is required. 

The first three instructions will change bits in A depending on a mask in memory. The 
fourth instruction will substitute the bits of a memory word for A depending on the mask 
in Q. 

The last four instructions perform a logical product using the contents of Q as a mask. 
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The SELECTIVE SET Instruction 

The SELECTIVE SET instruction is an instruction that checks each bit from an 18-bit 
storage address. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. For every bit in 
the storage address that is in the set state (binary l), the corresponding bit in the A 
register will be set, regardless of its initial state. Where there is a zero bit in the 
storage address, the corresponding bit in A will remain unchanged. 

The 18 -bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is read from 
memory and then each bit is checked as mentioned above. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
is read from memory and then each bit is checked as mentioned above. 
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SELECTIVE SET 



SST 



MACHINE 



1 — rrrrr-r 



23 



May be an 
upper or 
lower "K 

instruction 



4 ; Q . b . ■ .^ 



"l — i — i — i — i — r 
j i i i i i 



47 



23 



t — i — i — i — i — i — r 

J 1 1 L__l I L 



4 i ib 



mi 



NORMAL 



47 


t 


26 







'!'! 


1 II I t t 

1 V 1 1 ° |7|6)sr»|3|2|l|0 


<:°x 


. ", 


1 



AUGMENTED 



COMPASS 




LOCN 



i i i i i i 



|j n i« i» i« i' i«l»l'° 'i" 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



giSiTi-iC/^.iWig, i /i*i)ii»ii,i^i, \V± 



I I I I I ! I I I l 



I I 

j'S|i6|l7|l>|19|Z0|2l|g2|;3|;4|2S|26|;7[;9|29|3O|3>|32|33|34|35|36|37|38 139|40|4ij4?j43|44|45|46j47|4i|49|50| 



Function code 



J 



Optional, transmit 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

■Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

•Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t 



d bit not programmable 
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SST 



F 
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O 

w 
c 

H 
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T 



SELECTIVE SET FORMAT: SST, CM, MG (a)m,b,v M = m + (B b ) + (V V ) 



G> 




No [MG \ No 

\Specified 



Yes 



Was 

Instruction 

Lower? 



No 



Yes 



Yes 



Selective 
-H Set Of 

(M) and (A) ^A 



o 



(M) > 0? 



Yes 



No 



o 



Use Lower 
Instruction *<U 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) +1 As Next 
Instruction 



Selective Set 
Of 

(M)and (A) -*A 




D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



SST 1) Selective Set of (M) and (A) -A 

2) Contents of M remain unchanged 

SST, CM 1) Selective Set of (M) and (A) -A 

2) Contents of M remain unchanged 

SST, MG 1) Selective Set of |(M)| and (A) -A 

2) Contents of M remain u'nchanged 
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PROBLEM: 



Perform a Selective Set with the contents of A and the storage 
address MSK. 



SOLUTION: 



10CN 



i i i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



5,577 



i * i i i i i i i i. 



ESA_ 



J LJ II 



I I I I I i 



,11111 



I ! | 3 | 4 | 5 |J | 7 | 6 | 9 I 10 !|"I"|H l'«l>7| H|H|20|g'mi»|MH»|i«|a7|il|UUO|ll | 32 | 3 3 | 34| 35 | 36 |3 7 | 3B | 3 9 | 4Q| < , | .; | 4 j | , , ; , , , , t , „ , „ , ,9 , ; Q 



PROBLEM: 



Perform a Selective Set using the contents of A and the storage 
address TOT modified by Index Registers 2 and 3. 



SOLUTION: 



LOCN 



i i i i i i i 



l'l'|4|5|*|>|6 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



££L 







XdxTty&jJ, 



I I I I I I I ! I I I I 



I 



I 

|l'|' i! l | i| | 4|»a|'e|'7[H|l9|ZO|gt|Zg|g3|24|Z5|26|a7|;B|g9|30|3t|32j33|34|35|36|3713a|39]40 1 4i|42143|44|43|46|47|4B|49|! 



PROBLEM: 



Perform a Selective Set using the contents of A and the storage 
address specified in Index Register 6. 



SOLUTION: 



LOCN 



i i i i i i 



|g|3|4|5|6|7|6 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SiSTi 



i i i i i i 



i ji^i 



i i i i i i i i i i i i i i i i 

i i 

0|H |H|I5|I4|I> | 16 [17 p. | 19 | gO Z . j ;g|;3|Z4|2i|;6|Z7| g» | 39 | 30 | 31 | >? U 3 | 34|35|36| 37 | 38 | 3 9 | 40|4 , 42 | 43 | 4 4 | 43 | 46 | 47 | 4| | 49 |50 



PROBLEM: 



Perform a Selective Set using the contents of A and the storage 
address DICK from the bank where DICK resides. 



SOLUTION: 



LOCN 



i i i i 



' "■ 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



•*!•*! *l I I I I I I I 



Q&&LC& 



I I I I I I I I I I I I I I I I I I I I I I I I I 

I 

10 I ll I lij 1 3 I 14 I 13 |l«|i7|ll|l»HO|»l|gemH«|»»|ilH7|i«|t»|aO|li|i;|HH4|»|M l 37Hl |39|40|4l |4;|4H44|45|46|47|4I|49|50 
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The SELECTIVE CLEAR Instruction 

The SELECTIVE CLEAR instruction is an instruction that checks each bit from an 18- 
bit storage address. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. For every bit in 
the storage address that is in the set state (binary 1), the corresponding bit in the A 
register will be cleared, regardless of its initial state. Where there is a zero bit in 
the storage address, the corresponding bit in A will remain unchanged. 

The 18 -bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m+(B b ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is read from 
memory and then each bit is checked as mentioned above. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand is 
read from memory and then each bit is checked as mentioned above. 
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SELECTIVE CLEAR 



SCL 



MACHINE 



May be an 
upper or 
lower -< 

instruction 



47 



, I-, I, I 



23 



"I — I — r 
i i i 



"i — i — r 
j i L 



47 



23 



1 — I — I — I — T 
i i I I I 



T^b 



m, 



J l I I Ltli 



NORMAL 



47 


t 




23 







i I 


1 U 

. * . d . a 


' t t 

|7^| 5H |3|2|l|0 


4'l'b' 
i i i 


1 , m i 


1 



AUGMENTED 



COMPASS 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




il;: 




?\Ci-;yC\M\j\UiG\ i (i0-\) P*-l )l£lj l"] 1 1 1 1 1 i 1 1 i I ! i 1 1 i 1 : 


i |2 | J 1 4 | ! | S j 7 , 8 


9 


1 

O | ii p2 | : J ; I4 ,15 j'6|'r (18 | 19 | 2 0|2 122123|2«|2S|26|27j28|29|50|3l ] 32 ] 3 3 | 


1 

34|35|36|37|SB[J9140i4, |42j43|44j45i«6 


4'[4S j a 9,5C| 



Function code ' 

Optional, transmit 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 



l_ 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register 

*, transmits Instruction Bank 



Td bit not programmable 
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SCL 
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SELECTIVE CLEAR FORMAT: SCL,CM,MG (a)m,b,v 



M = m + (B b ) + (V v ) 




CM » No 

M Specified?) 



Yes 



GH 



Was 

Instruction 

Lower? 



Yes 



No 



MG 
Specified 9 



Yes 



No 



Selective 
Clear Of 
(M) and (AHA 



(M) > 0? 



Yes 




No 




Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



Selective 
Clear Of 
(M) and (A) -A 




D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



SCL 1) Selective Clear of (M) and (A) -*A 

2) Contents of M remain unchanged 

SCL, CM 1) Selective Clear of (M) and (A) -*A 

2) Contents of M remain unchanged 

SCL, MG 1) Selective Clear of |(M)| and (A) -A 

2) Contents of M remain unchanged 
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SCL 



E 
X 
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PROBLEM: 



Perform a Selective Clear using the contents of A and the storage 
address MSK1. 



SOLUTION: 



LOCN 



J I I 1 L 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SAL 



iWS.K.1 



i_ I | |//| Q | iM-t. | | | i i i i i i i 



I I I i i I i i i 



| « |J 1« | ' | ' I' l'°l" l"l l »l l, l"l"l"l"l"|Z°l"|ga|g»l»«H»H « |g?|;i|»»|»OHi|3a|3»U«|»5|l€HT|M|3»|40|4, | < a|»3|<<l«»l«6|47|< < |«9|50| 



PROBLEM: 



Perform a Selective Clear using the contents of A and the storage 
address FIX modified by Index Registers 3 and 4. 



SOLUTION: 



LOCN 



I'i'i'i'i' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SiCli 



I I I I I I 



f"iI|Xi ji3i 3 \H 



i iii 



i i 

i° |" |'2|'»|'4|iS |i«|ir|H|l»|20|gi|Zg|g3|;4|2»|8«|iT|;e|Z9|30|3i |M|3i|34|35|3t|I7|3B|33|40|4i |4i|43|44|«5|48|47|4»i49|SO| 



PROBLEM: 



Perform a Selective Clear using the contents of A and the storage 
address specified in Index Register 5. 



SOLUTION: 



LOCN 



_j i i i i i i 



I' I 3 l« H I' i: 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



- > l ^ l t - l J — I — LJJ I I J I 3 1 I I I I I I I I 



I I I J I L 



'°l" l"l'3|'4|H |it M 7|ia|H |;0|?l|g2|Z3|24|;5|?6|;7|;i|;S|30|3i |lZ|33|34|33|3«|3 7|>g|3»|40|4. |4Z|43|44|45|4«|47|4|I49|3 



PROBLEM: 



Perform a Selective Clear using the contents of A and the storage 
address SCRIPT in the bank where the SCL resides. 



SOLUTION: 



LOCN 



' i 



I' I 3|4 |9 |« |7 | . 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SiCL, 



i*-i i 



foUMr.r.T, 



i i i 1 1 i i i i i i i i 







i 

'O|n|i; i i3jl4|l5|r6M7iie|l9|2&|7lj2Z|23|Z4|Z3[26|;7|79|g9|3O|3l|37|33|34 [ 33|36j37|39|39^0|4 l |42]43|44j45|46|47|4a|49|3Q 1 
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The SELECTIVE COMPLEMENT Instruction 

The SELECTIVE COMPLEMENT instruction is an instruction that checks each bit from 
an 18-bit storage address. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. For every bit in 
the storage address that is in the set state (binary 1), the corresponding bit in the A 
register will be complemented, regardless of its initial state. Where there is a zero 
bit in the storage address, the corresponding bit in A will remain unchanged. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V v ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is read from 
memory and then each bit is checked as mentioned above. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
is read from memory and then each bit is checked as mentioned above. 
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SELECTIVE COMPLEMENT 



SCM 



MACHINE 



May be an 
upper or 
lower -^ 

instruction 



^ 47 . 



23 



m 



I I 



— i — i — i — i — r 
j i i i i i L 



47 



23 



t — i — i — i — i — i — r 

J I ! 1 I I L 



4 i 2 >: i i m > T 



NORMAL 



COMPASS 




AUGMENTED 



10CN 




0PERATI0N.MQDIF1ERS ADDRESS FIELD 




COMMENTS 


i i i i i ii 




S\C\M\j\CiM\ «\!1\&\ \( i*i J \t»iy \h\y\V\ i i i i i i i i i i i 


' 1* 1 1 l« l> l« 1' I" 


9 


i 

10 ] 'I | 12 1 tl j <4 | 15 | 16 1 17 | 18 |I9 |2012I|22|23|24|25|26|27[28|Z9[SO[1 


1 | 3Z|33|34| 35 | 36 |S7 | 38 | 39 | 


1 

40|4. |4?|4J[4*|45|«6(4T|48[49|50| 



Function code 



Optional, transmit - 
complement of 
operand. 

Optional, transmit 
magnitude of 
operand. 



W J W J 



L_ 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

•Optional, base address. 
Zero if omitted. 
*, current program address. 

•Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



' d bit not programmable 
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SCM 



F 

L 
O 

W 

c 

H 
A 
R 
T 



SELECTIVE COMPLEMENT FORMAT: SCM,CM,MG (a)m,b jV M = m + (B b ) + (V v ) 




'CM 
"*\ Specified 



No 



Yes 



Q^ 



Was 

Instruction 

Lower? 



No 



Yes 



MG 
\Specified 



Yes 



(M) > 0? 



No 






Use Lower 
Instruction At 
(P) As Next 
Instruction 



No 



Selective 
Complement Of 
(M) and (A) - A 



Yes 



<? 



Use Upper 
Instruction At 
(P) +1 As Next 
Instruction 



Selective 
Com plement Of 
(M)and (A) -A 




D 

E 
S 
C 
R 
I 
P 
T 
I 

O 
N 



SCM 



SCM, CM 



SCM, MG 



1) Selective Complement of (M) and (A) -A 

2) Contents of M remain unchanged 



1) Selective Complement of (M) and (A) — A 

2) Contents of M remain unchanged 

1) Selective Complement of |(M)| and (A) -A 

2) Contents of M remain unchanged 
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SCM 



PROBLEM: 



E 
X 
A 
M 
P 
L 
E 
S 



Perform a Selective Complement using the contents of A and the 
storage address MAX. 



SOLUTION: 



LOCN 


OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


! I 1 1 1 1 1 




'ih*! i i i i i i \rl\rhY\ i i i i i i i i i i i i i i i i i i i i i i i i i i i i 


' 1 * 1 5 1 ' I' 1 « 1 ' 1 • 


9 


I i 

(0 j it |i2 j.3 |14 j'S | ■ e |'7|I8 jl9 |20|2U2Z|2 3|24|25|?6|27|2B|?9| JO | 3 I | 32 | 3 3 | S4| 35 | 36 | 3 7 | 36 j 39 | 40| 4 , | 42 | 43 | 44 | 4 5 j 4 6 | 4 7 | 4e | 49 | 50 j 



PROBLEM: 



Perform a Selective Complement using the contents of A and the 
storage address SUP modified by Index Registers 1 and 2. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i 



sm 



i 1 1 1 1 1 1 



JiUiri ^iJijiJZ 



I I I I I I I I I I I L_l L_l I L_l I I I I I L_l 



LLLi-LU-lH-LLU 



l0 |'l|l2jl3|l4|l5|>6|l7|ia|l9|20|2l|22123]24{2i|26|27[2B|?9|3O|3l|32|33|34[35|36|37|39]39]40|4'|42|43|44|45|46|47j4B|49|30l 



PROBLEM: 



Perform a Selective Complement using the contents of A and the 
storage address specified in Index Register 3. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 




i i 




Sfi\H\ ! ! ! 1 1 1 tj ■?] i 1 1 1 ! 1 ! ! ! ! 


• | t | J | 4 3 | 6 |T | a 


9 


1 
10 |ll j. a | 13 114,13 il] .,..|ll |!0|?i|r»|?3|]>4|21 : rii|Jf|?«|J9|SO|3i |3!|33|34|J5 


i 

36|3/[38|S*J|40|4i|42|4J|44|45|46|4 


j4a]49|50 ; 



PROBLEM: 



Perform a Selective Complement using the contents of A and the 
storage address SWITCH in the bank of SWITCH. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




S\£iM\ i i i i i i i (i$i }\S,WtI{T \C\M\ i i i i i i i i i i ' ! 


i |I | 3 ,4 |1 ,9 ,7 , B 


9 


i 

iO|n |i2|i3!l4|i3|.«:.7|,, ,„,, |2.|22|JI|J4|!!,|2 M ;7 1 2a l 29|JO 


1 

31 |3?|13|34| 13 j36|)7 |3B j 39[40|«' |4?14J|44|4Jj«6l« 


„..«,. 
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The SELECTIVE SUBSTITUTE Instruction 

The SELECTIVE SUBSTITUTE instruction is an instruction that checks each bit from 
an 18-bit storage address. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. For every bit in 
the Q register that is in the set state (binary 1), the corresponding bit from the storage 
address will be transferred to the A register. Where there is a zero bit in the Q 
register, the corresponding bit from the storage address will not be transferred to A. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is read from 
memory and then each bit is checked as mentioned above. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand is 
read from memory and then each bit is checked as mentioned above. 
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SELECTIVE SUBSTITUTE 



SSU 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



4TT T b~ T 



23 



m 
J L 



"i — i — r 



j i L 



-< 



47 



23 



J L 



i r 

J L 



^M 



m, 



NORMAL 



47 


t 




23 







t't' 
II 


1 

1 v l d l ° 


' t t 

|7(6| 5 |4|j|2|,|0 


4 ; 3 ; b ; 


m 


1 



AUGMENTED 




COMPASS 



LOCN 



|gj3i4|5|6[7|e 9 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



StS i U j j i C i tf i jMG i 1 6* 1 ) 1 ^ 1 ; i ^ i ? iv 



j_i 1 1 1 1 



0|ii|i;jij|.«M5|>6M?|i8|l9|ZO|a'|ZZ|"lZ«|Z5|g6|?7|28|g9|SO|3<;3?|5M3«|35|i6|i7i38[S9|40j«. j«2|«3|««|«ij«6|'>7|4».j49j50 



Function code — 

Optional, transmit 
complement of 
operand 

Op tio nal , tr an sm it 
magnitude of 
operand 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 

•Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



t 



d bit not programmable 
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ssu 
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H 
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T 



SELECTIVE SUBSTITUTE FORMAT: SSU.CM.MG (a)m,b,v 



M 



m + (B b ) + (V v ) 




CM \ No 

Specified ? 



Yes 




Was 

Instruction 
Lower ? 



Yes 



(MG 
Specified? 



No 



Yes 



(M) > 0? 



No 



<> 



No 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Selective 
Substitute Of 
(M), (Q), and 
(A) -A 



Yes 




Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



Selective 
Substitute Of 
(M), (Q) and 
(A) -A 




D 

E 

S 

c 

R 

I 

P 
T 
I 

O 
N 



SSU 1) Selective Substitute of (M), (Q), and (A) -A 

2) Contents of M remain unchanged 

SSU, CM 1) Selective Substitute of (M), (Q), and (A) -A 

2) Contents of M remain unchanged 

SSU, MG 1) Selective Substitute of |(M)| , (Q), and (A) -A 

2) Contents of M remain unchanged 
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I ssu 



PROBLEM: Given: (Q) = 77777 octal 



Perform the Selective Substitute with the contents of A and storage 
address HENCH. 



SOLUTION: 



LOCN 



J I I I L. 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£S\L 



\H\B-M\C\M\ 



J— I I I I I I I I ! I I I I 



l Z 1 '- I" I 5 I s I 7 I ' Li I' 01 " r ; r'l l< l"; l *l l M"l | 9|">|g'|gi|"|2<|g3i™ |; 7|;.];9| ) o|3i|32|31|34|35|3S|37;39 l 39|40|, |« i 4 3| . 4| . 5| « 6 |>7| ,„.„, 50, 



PROBLEM: Given: (Q) = 770 octal 

Perform the Selective Substitute with the contents of A and storage 
address BOX modified by Index Registers 2 and 3. 



SOLUTION: 



LOCN 



_i_J l_j I : i_ 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SSU 



i_i i ; i i l 



l&^XubXuil 



J ' ^ ' J 1 



'i i i i i i 



' I' ' ' I * I l i S I ' ' ' I » I '"I" !"l"l !1 I" l"l"l'«l'» LIlllllIllHiilliiilLLiliiliilLHU: |M|J»|»«|»5|3«|3T|J« |39|40|4 |»g|4l [ 4«| < 5|.. 6|47| ., ! . 9 ,,o i 



PROBLEM: Given: (Q) = 7 octal 

Perform the Selective Substitute with the contents of A and the stor- 
age address specified in Index Register 3. 



SOLUTION: 



LOCN 



|!I'I«|S|«|7 i a 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SS:L>: 



,3, 



-1 — 1 — I — I — I i I I 1 L_l L 



° [ " '" I"'" '" l"l" l" I" |g°l''|!2|"|i4|;>|26|;7|;il|?9|30|3l |3;|33[34|35|3C|»r|38]39|40|4 - ; 4 ? j 4 l j 4 4 j 4 5 | 4 6 | 4 7 j 4 8 ; 4 9 | 9 ; 



PROBLEM: Given: (Q) = 77 octal 

Perform the Selective Substitute with the contents of A and the 
storage address HOMER from the bank where HOMER resides. 



SOLUTION: 



LOCN 



'' ' » i* " " " " 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SS,U, 



I" 



Irs^Mn^z 



I I ' I I ! I I I I i I i 



I 

10 I " l"l"l'< I" l"l")'l |l»|gO|Z'|g;|2I|24|;i|;t|;7|?»|;9|30|3. |3;[33|34|IS|l€|37|3e|39|40|4i | 42 | 4 3 | 4 4 | 4 S | 46 | 47 | 41 | 4 9 , ; p 
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The LOAD LOGICAL Instruction 

The LOAD LOGICAL instruction is an instruction that forms the logical product between 
the contents of an 18-bit storage address and the contents of the Q register with the 
result replacing the contents of A. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 
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LOAD LOGICAL 



MACHINE 



LDL 



47 



May be an 
upper or 
lower -^ 

instruction 



4 ' 4 'b ' m 
i i i I I L 



23 

n — i — r~i — i — i — i — 
i i i i i i i 



47 



23 



n — i — i — i — i — i — r 

i i I I I 1 L 



4,4 ,b 



J LEJ L 



NORMAL 



47 


t 


2j 







7 ' 7 ' 

II 


1 II 1 

1 V 1 1 ° |7|6|5|4|3|2|l|0 


4 '4'b! 
i i i 


I « m i 


i 



AUGMENTED 




COMPASS 



LOCN 



■ iii 



■ 1 1 1 « i» i « i ? i ■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LDL, 



1 ■ I I L 



'('«•'.' i^ijiPi^iVi 



I I 

Q | ,.|i;Mi i ;4|iS].6|l7|iB|i9|;o|gi|Z?|g3|?4|;5ig6|27|;8|Z9|iO|3l|3J|l3l3*|3S|36|37|ia|39|tO|4 i 4<i43j44;4S|46l47|46 i 49ji0 



Function code 



Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 

Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register 



d bit not programmable 



13-19 



LDL 
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LOAD LOGICAL 



FORMAT: LDL 



(a)m, b, 



M = m + (B ) + (V ) 



F 

L 
O 

W 

c 

H 
A 
R 
T 




Use Lower 
Instruction At 
(P) As N'ext 
Instruction 



Yes 




Use Upper 
Instruction At 
(P)+l As Next 
Instruction 



LDL 



1) L (Q) (M) -A 

2) Contents of M remain unchanged 
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| LDL 



PROBLEM: Given: (Q) = 77 octal 

Load the lowest six bits from address JACK into the A register. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LiflL 



i i i i i i 



iJiffiCiKi 



i i i i i i i i i i 



'I ' I ' I ; ' 5 I 6 '' I ' i 9 l'°l" l' ; l ii l"l l >l'M"l"l'»|g°l"|gg|g3P<|2S[gt|?f|g»|g9|J°|i'l"l^|3'|3'|36|ir|i8|;S|.0|4. | 42 | 4 3 | 4 4 | 4 5 | 4 6 [ 47 | 4 8 | ° 9 | i 



PROBLEM: Given: (Q) = 770 octal 

Load the highest six bits from address CHAR, modified by Index 
Register 3 into the A register. 



SOLUTION: 



LOCN 


OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




I I : i I i i 




i-iP.J-i i i i i i i iC]Hinif\i^]3i i i ] i i i i i i i i i 


l |2 | 1 | « | ! |S IT | 8 


9 


i 

i0|iiji2|l3|l4|i5|i6|l7|lB|l9|2O|2l|22|23|24|25|26|27f28|29|30|3i 


i 

|32|3J|J4|3S|}6|37|38|J9|40|4i|42|4i|44|45|4« 


|47!48|49|S0| 



PROBLEM: Given: (Q) = 77777 octal 

Load the lowest 15 bits from the address specified in Index 
Register 6 into the A register. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 




COMMENTS 




i i > i I i i 




m"|^-I 1 1 1 f 1 1 Ijlfal III ill • i : ' i , , 


I | Z | 3 | 4 | 5 | E | 7 | 8 


9 


1 

10 |ll | 12 [ 13 | 14 | 15 | 16 | \7 | IB | ,9 |20|2l|22|23|24|2S|?6jzr 


J2B |29 | 10| 5 


i 

'132|33|34|35|36|37|38|39|40|4i|4?|4J|44(45|4G|47|4e 


49,50 



PROBLEM: Given: (Q) = 777770 octal 

Load the highest 15 bits from address KARAC from the bank where 
KARAC resides. 



SOLUTION: 



TT 



LOCN 



(OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



tiM 



lH I LJ l_ 



Ifi pXhRAC 



1 I L_J L_J I II 1_L 



l' , l ^l | 3M4|iiii6|l7p8p9|20|;ij2;i73jZ4|75|?8 | ?7|? 8 |79|3Ojii|3^|33|3 4pr ) [)fcj3 7|38 | 39 [40j4j47i43!44 1 45(46147148149150] 
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The ADD LOGICAL Instruction 

The ADD LOGICAL instruction is an instruction that forms the logical product between 
the contents of an 18-bit storage address and the contents of the Q register and adds 
this result to the contents of A. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V v ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 
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ADD LOGICAL 



IT 



ADL 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



4,5 ,b , 



m. 



i r 



J L 



47 



23 



t — r 

J L 



i — r 



— i — i — r 
4 .5 ,b, 



m, 



NORMAL 



47 


t 




23 









t't 1 
II 


1 u 

1 v . d l a 


|7|6|5|4|5|2|l|0 


*\* 


1 K ' 
I b | 


1 l" 1 ! 


1 



AUGMENTED 



COMPASS 



LOCN 



i i 



I ' I M « I ' I « I ' I ' 




OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



AiPiL.ili/y, iff.6., i/?.Pi i (.4.1.) ■*... lL^i^ j 



_LJ I I I I I J L 



l5|i6|in'a| | 9|?P|? l |g?l^^|g 4 IZ5|g 6 l ;7 |g a 1 Z9 l 3O l 3 '|3^l i3 |3^l»|36|37|3e|19|40|4'i42;4i|a4|«5|46|4T|4fl!43 ) 5O; 



Function code ' 

Optional, transmit- 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 

Optional, replace - 
result at M 



-Optional, second index designator 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

■Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to 
Operand Bank Register. 

$, transmits bank number in 
which base address resides to 
Operand Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank 
Register. 
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ADL 



ADD LOGICAL 



FOHMAT; ADL, RP, CM, MG (a) m, b. \ 



M = rn +■ (B u l + (V 



F 
L 
O 
W 

c 

H 

A 
R 
T 




D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



ADL 

ADL, RP 
ADL, CM 

ADL. MG 



1) (A) + L (Q) (M) -A 

2) Contents of M remain unchanged 

(A) + L (Q) (M) -A and M 



1) (A) + L (Q) (M) -A 

2) Contents of M remain unchanged 

1) (A) + L (Q)|(M)|-A 

2) Contents of M remain unchanged 
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E 
X 
A 
M 
P 
L 
E 
S 



| ADL 



PROBLEM: Given: (Q) = 77 octal 

Add the lowest 6-bit character from address TAB to the A register. 



SOLUTION: 



LOCN 



i j i i i i 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



ML 



J_l i i I I L_L 



TiWffi 



-i_i — i — i i i i i i : i i i i i i i i i i i 



| 2 | 3 | 4 | » j 6 | 7 ] 6 | 9 | <0 | ii |H |H |'« |H |i«|if|ie|il |;0|;i|Z2|;j|84|i5|»t|>T|;»|a» | iQ|»i |3g|3>|a4|ia|M|iT|»|J»|4Q|4 |42I43|.4|43|4S[47|48I49|30| 



PROBLEM: Given: (Q) = 770 octal 

Add the highest 6-bit character from address SAM modified by 
Index Register 2 to the A register. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 


COMMENTS 


1 1 ! 1 1 1 1 




ftiPtl-i i i i i i i i_>i//i/7i, iZi i i i i i i i i ■ i i i i i i i i i i 


i |2 ] > | 4 |5 | E 1 7 | ■ 


9 


i 

i0|ii|i2]i3|i4|i5|iS|i7|i8[l9|2O|2l|22|23|24|25|26|27]2e|29|3O|3 


1 

" |32|33|34|3J|36|37|38|39|40|4i |42|43l«4]45[46|47|48:«9|5Q! 



PROBLEM: Given: (Q) = 77777 octal 

Add the lowest 15 bits from the address specified in Index Register 4 
to the A register. 



SOLUTION: 














LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 






COMMENTS 




i i i i i i 




.niPi*H...i i i i i i i_jit i i i . i i i , 


l |2 | 3 | 4 |! ,6 [7 | 8 


a 


i 

0|liji2|il|i4|i3|it|i7]ia|l9|2O|2i|22|23|24|23j26j77|2a|29|3Q|3 


■|«|S3|34 


35[36|3 7 |38 


i 

39|40|« |4 ! |4,,«. j .,|.t|.,|. 


B ]49|50; 



PROBLEM: Given: (Q) = 777770 octal 

Add the highest 15 bits from address BULDGE from the bank where 
the ADL resides. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 


COMMENTS 




1 ; 1 t 1 . : 




API. , i . , , . I^l&l/LD^E, , , , 


1 




|2 | 3 |4 1= ,< | , | . 


9 


i 

'° 1 ' l'2| l 3] | 4"a"6:i')i8|l9|20|2i|22|23|24]25|?6|27j?e|29|3O])i|32 


1 

[*3|34|J5|)6|J7|Se|S9i;40|4-|4Z!4J|44j45 


46147148:491501 
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The SUBTRACT LOGICAL Instruction 

The SUBTRACT LOGICAL instruction is an instruction that forms the logical product 
between the contents of an 18-bit storage address and the contents of the Q register 
and subtracts this result from the contents of A. One memory reference is made. 

The operation leaves the contents of the storage address unchanged. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 
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F 
O 
R 

M 
A 
T 



SUBTRACT LOGICAL 



SBL 



MACHINE 



May be an 
upper or 
lower 
instruction 



47 



23 



4 ' 6 
I 



JL^ 



i — i — i — r 
j i i L 



J L 



< 



47 



23 



i r 

J L 



4 leib : 



i£2j l 



INFORMAL 



47 


t 




23 







7 1 ? ' 

1 I 


1 V |d| c 


1 tt t 

|7|6|5|4|3h,|0 


1»\ 


1 I" 1 ! 


1 



AUGMENTED 



W J W J 



COMPASS 




LOCN 




OPERATION. MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i ii 




•SiDiLi, iL-i/T ,i/vi6-i ? iAiPi i( <*-]) yn\ ? iJ7i»iV| i i i i i i i i i i i i i i i 


l ,2 | 1 | 1 |5 |« |7 | . 


9 


1 

IO|M|l2|il|i4|ia|i6|l7|ia|!9j20|2f|ZZ|23|Z«|25|26[?7|Z9|2&|JO|J 


i 

|32[33|34j35|S6|iT|3e|J9|40|«.|4Z|41|44|45t<6l'*? 


|*e(49|50| 



Function code- 



Optional , transmit ' 

complement of 
operand 



Optional, transmit 
magnitude of 
operand 



Optional, replace 
result at M 



Optional, second index designator 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

■Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to 
Operand Bank Register. 

$, transmits bank number in 
which base address resides to 
Operand Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank 
Register. 
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SBL 



SUBTRACT LOGICAL 



FORMAT: SBL, RP, CM, MG <aj m, b. v 



M = m + (B ) - (V") 



F 
L 
O 

w 
c 

H 
A 
R 
T 




(A) -L(Q)(MHA 



?1 » (A)-L(Ql(M)- A »( ] «J Specified ?h^» (A) -M I * lnslruclion) 




D 
E 
S 
C 
R 
I 

P 
T 
I 

O 
N 



SBL 

SBL, RP 

SBL, CM 

SBL, MG 



1) (A) - L (Q) (M) ^A 

2) Contents of M remain unchanged 

(A) - L (Q) (M) -A and M 



1) (A) - L (Q) (M) -A 

2) Contents of M remain unchanged 

1) (A) - L (Q) |(M)| -A 

2) Contents of M remain unchanged 
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E 
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A 
M 
P 
L 
E 
S 



SBL 



PROBLEM: Given: (Q) = 77 octal 

Subtract the lowest 6 bits at address BAKER from the A register. 



SOLUTION: 










LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




I i ! i 1 1 1 




S\B\L\ i i - i i i \BJr\Kc\fa i i i i i i i i i i i i i i i i i ! i i .: i i i i 


i j2;Jj<i3]Gj?|a 


9 


i i 

iO]ll|i2|i3]i4|i5['6|l7|l0|l9|?O|2l|22|23|24)2»|26[2712e[29|3Oi3l|32]33|J4|35|3S|37|3B|39|4O|4>|42(43j44|4Sj 


*6|*J7|48i"»|50l 



PROBLEM: Given: (Q) = 77777 octal 

Subtract the lowest 15 bits at address ABLE modified by Index 
Register 5 from the A register. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




S\B\L\ i i i i i i JtS\L\C\ 9 \S\ i i i i i i i > i i i i i i i i i i i ! i i i i i 


i |2|3|4|!|S|7|S 


9 


i 

iO[i'p2|lJ|l4|lS|i«|l7|l8|l9|20|2l|22|23|24|2512«|27|28|29|3013 


1 

|i2|33|S4|55|36|37|3B|)9140|4i[4Z|4j|«4|45J46|4; 


|48]49|50i 



PROBLEM: Given: (Q) = 000777770 octal 

Subtract the indicated 15 bits at the address specified in Index 
Register 1 from the A register. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



J 1 L 



L&L 



lylX 



.1X1 I i i i i i i i i I i i i I i i I I I i i I j ; I i I I 



i ' I 3 | « j 3 | 6 | 7 | » 



I I 

i0 1M|l2[i3|l4|l5|l«|l7|IB|l9j2O|2l|22123[24|2Sj26|27|28|29|3O|3t| i 2|33|34|35|36|3 7|3e|39|40|4i|42]41|44j45|46|47|4B|49|aO; 



PROBLEM: Given: (Q) = 077700000 octal 

Subtract the indicated nine bits at address DOG in the bank where 
DOG resides from the A register. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




S\B\L i \(_\§\)X>\0\&\ i i i i i i i i i i i i i i i i i i i i i i i i : 


l | 1 1 3 | 4 | ! |6 | 7 | > 


9 


i 

.0 |.. |-Z 1 13 J :«, .S.i«|.7| •|i9|20|J.|22|!J|2«|2»|2«|27|2b|2»| ) op. | 


V|.,l|J4|35|)6|3.']je|39l»0[4 1 |42|43|44j*5| 


«6|47|4849jV" 



U-^9 



The STORE LOGICAL Instruction 

The STORE LOGICAL instruction is an instruction that forms the logical product 
between the contents of the A register and the contents of the Q register with the result 
replacing the contents of an 18-bit storage address. One memory reference is made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, 
the current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 
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F 
O 
R 

M 
A 
T 


STORE LOGICAL 




MACHINE 


47 


23 





May be an 
upper or 
lower ■< 
instruction 




4 '7 'b ' m 
i i i I i ii 


i i 1 I 1 1 1 
i i i i i i i 




47 


23 







i i 1 1 1 II 
i i l i i ii 


1 I 

4 ,7 ,b 


... 
i im, , 











STL 



NORMAL 



47 


t 


23 







7 ! 7 i 


1 v 'd' a ' , t * 

1 1 1 |7,s|sH|i|2|l|0 


4 !?X 


. ,m, 


1 



AUGMENTED 



COMPASS 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


! ! 1 1 1 II 




SJ iLi„iCiMiyiMi£i i (\0.i) i*ii^i6ij iV'i i i < i i > i i i i i i i i i > i i , i i i , 


i | 2 | J | 4 | 5 | 6 | 7 | S 


9 


i i 

<° 1" ['* l'»|i« MS |'»|"l'« |i>|ZO|2i|22|2I|I4|25|2I|?r|2a|2>|30|3i | 32 | 3 3 | 3 4| 35 | 36 | 3 T | 3» | 3 9 | 40| 4 j 42 | 4 3 | < 4 | 4 5 | 46 | 47 [ 4 « | 4 9 | 5 



Function code 



J 



Optional j transmit 
complement of 
operand 

Optional , transmit 
magnitude of 
operand 



SHSr 7 



-Optional, second index designator. 
Zero or blank, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

■Optional, base address. 
Zero if omitted. 
*, current program address. 

-Optional, bank term. 

0-7, transmits number to Operand 
Bank Register. 

$, transmits bank number in which 
base address resides to Operand 
Bank Register. 

*, transmits Instruction Bank 

Rppifitpr trv Dnpi-anrl Rani/ T? o r»i c +,-, v. 



' d bit not programmable 



13-31 



STL 



STORE LOGICAL FORMAT: STL,CM,MG (a)m,b,v M = m + <B b ) + (V v ) 



F 
L 
O 

w 
c 

H 
A 
R 

T 




CM \ No J MG 

*\ Specified ? I ^ Specified ? 



Yes 



GH 



/ 



Was \ No 

Instruction 
V Low er ' 



Yes 



No 



Yes 



* L(Q)(A) -*M 



(A) > ? 



Yes 



No 



-6 



Use Lower 
Instruction At 
(P) As Next 
Instruction 



Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



L(Q)(A) -M 



<? 




D 

E 

S 

c 

R 
I 
P 

T 
I 
O 

N 



STL 1) L (Q) (A)~M 

2) Contents of A remain unchanged 

STL, CM 1) L(Q)(AT^M 

2) Contents of A remain unchanged 

STL, MG 1) L (Q) |(A)| -M 

2) Contents of A remain unchanged 
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| STL 


PROBLEM: < 


3iven: (Q) = 77 octal 




Store the lowest 6 bits of the A register at address TOM. 


E 
X 

A 




M 
P 

L 

E 
S 




SOLUTION: 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i < i 




S\T\L\ i i i i i i \T\w1\ iii i i ' i i i i i , i ■ iiii. 


1 |ij!|4|S|«|T|S 


9 


i 

'° 1" l'2 !" I'« 1" l'«l"|l" l'9|20|2l|22|2S|2«|2S|26|27|2B|29|3O|3l | 32 | 3 3 | J 4| 35 | 36 | 3 7 | 3B | 39 | 40 | 4 i 4 I : . 3 ; ' 4 ; 4 5 I 4 E I 4 7 i 4a 49 | 5 o 




PROBLEM: Given: (Q) = 770 octal 




Store the highest 6 bits of A at address PETE modified by Index 
Register 2 and 3. 






SOLUTION: 




LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


:'ii 




^i'ih i i i i i i iPfi\T\£iy\A[ji3 ! i i i i i i i i i i i : 


' m 3 |. |» i« it i ■ 


9 


i i 

Oli 1 | l2 l | 3M4|ti|iK|l7|lB(19|2O|2(|22l23|24|2S|26|27|26|29!3O|3P|32|33|34|35|36)37|38|39|40|4i42;43|44!45|46;47 1 4B49;5 l : 




PROBLEM: Given: (Q) = 77777 octal 




Store the lowest 15 bits of A at the address specified in Index 
Register 4. 






SOLUTION: 




LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




"*IM*-i I 1 i i i I I fin i i i i i i i i i i i i i i i i i i i i i i 


1 |2 | ]|4 |S (6 |7 ,. 


9 


1 l 

10 |ii |'2|iS|<4 |I5 S|;P|iI (19 |20|2l|22|23|24|2S|26|27|2«|2»|3O|II | 32 | 3 3 | 3 4| 35 | 36 |3 7 ] SB | 39 | 40l 4 | 42 , 4 3 1 4 4 | 4 ! i 46 ! 4 7 | 4 , , 4 9 | 3 




PROBLEM: Given: (Q) = 77 octal 




Store the lowest 15 bits of A at address JOE in the bank where the 
STL resides. 






SOLUTION: 




LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i , | 


-'i' i^-i i i i i i i( #1 )iJiW*i i i i i i ii i i i i i : i i i i i i i 






1 f 
■ \2 [ 3 |* J5 ,6 | ? | 8 \s 


I i 

Di.iii2iiM.4i5 i i6ji7|i6|i9|2O|2i|22|23|24|25|26|27|2B|29|3O|3M32|33|34|35|36|37|5B|J9!4O|4l42|43i44145|46|47|4fl!49,50 
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NEW CONCEPTS OF GROUP 13 

This group involves many logical operations, i. e. bit by bit comparisons. Bits are 
grouped in order to mask (extract) certain portions of words. Under "logical product" 
the multiplication of any bit by "l" returns that bit, whereas the multiplication of any 
bit by "0" returns zero. Using this principle the programmer can extract and analyze 
any part of a word. 
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Problem 13: 

A set of 64 BCD characters representing numbers from through 9 are in memory 
starting at address TRIAL. If each CXX represents one 6-bit character, they are set 
up as follows: 



(TRIAL) = 




C02 


C03 


C04 


C05 


C06 


CO 7 


C( 


8 




C09 




Cll 


C12 


C13 


C14 


C15 


C:6 




C17 


C18 




C20 


C21 


C22 


C23 


c: 


4 




C25 


C26 


C27 




C29 


C30 


C31 


C32 




C33 


C34 


C35 


C36 




C38 


C39 


C< 







C41 


C42 


C43 


C44 


C45 




C47' 


08 




C49 


C50 


C51 


C52 


C53 


C54 




C! 


6 


(TRIAL+7) = 


C57 


C58 


C59 


C60 


C61 


C62 


C63 







Write a subprogram that will form the sum of the characters represented by the diagonal 
line and the sum of the characters represented by the vertical line. Compare the two 
sums and store the smaller sum at address MINIMIZE. 

Flowchart: 



Add Diagonal 
Column And 
Store In D 
Register 



Add Last Column 

And Hold 

In A Register 



' 




\Yes_j, 


(D) -MINIMIZE 


>r 








No 






1 






(A) -MINIMIZE 
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Problem 13 could be solved by coding in the following manner: 



LOCATION 


0PERATION,MOOfeS ADDRESS FIELD 


COMMENTS 




^-^— 


i 


.^k^^^x^^^^M^ 




; i j ;. i i i 


„£m$^ ., iiMwA 7 ,...., ,_ L ^, ^ ... 


| 




IJi/lMll* 


..&^. . ,..JJL. L .^.^. 


i i 




tadmtL 


ars, .,..,, !l. 








-SZL- ....... ,,l<^.i ,...._,,...,.,_,. .... ., ,_. , 






i : f i ., i 1 . 


.ffl&_ LX-, JS..^...,.,.,. .. , 








_&a: ._ .^.Jm ^^, ,-x...x_,. ..-.,.! ■ ... ^ 




f^ ; ■ , , . , \inM , t.,,. .... ^ . ^_ 


« , to as£ i/a ,.....,■,,.,.., 






.&£..,.... Jsk^ , ,. _,. ^ 






^XE...^.. .... 


.Sfft_^ kMll^L. , . . ... 


j 




: 1 : 1 ! . ■ 


.a*s !6 . , . , 








Z"SAf . . . , , !7,,A , 






_ t _i_, , J _ i _ A 


54:37 l/l/SXT , 1 , , 


... '.. i_.X-..i L.. ; ... _ 


US^S^^M^,.^,. .^ .„,.,.. 


, | . ( . 




UgXjl, ; , 


.Us .L^-IL^. _^ 




J.... ... ! . * ...!„ 


, . . , 


%fp.,+ . . . . ^,/),fl .., 


, lD-ttv/£XT7 .C/W£ . 




Ml,.^ ._,_Ja_. i ,,.., .. .^. . 1JiUJ l . . 


I J. i 1 ! 1 i 


-?s^ . ....^I^^^. ^ u 


: If £rt*e?, 






S,4X,, ,„^.,. ,MX.£l. , , ,„_„„.., ........ , 




,;,..,. 


.^..,..,..,.^..,.kM^.^,...,^,,_ .. ■ ,_ 






/Lfecrit , , 


,»,^a,M^i, !: . .„,, 








.£s* l?,l, 


, . If ,c/k«? , , 




J~~ i L- J i—J. L... 


m.. L ^^Jfefexi:^,...^....^. ..... , . 






, ; , 


. lp£ 9 - _^JLa->& .... LUL ^ _ , . 






1 i 1 i i 


qoQ..i>L , , A&A&sn 






= 


s^', .,,.,, x MiMmUk£< 


.syx.iL, ..... . . . , 




i j i > i ■ i 


SAT . , , , ■ , MdFtiM* ! 


dl&s*l_ 


ML ,^_JM— .^.— ^ ■. .- ,1 .^^^^ . . ■ . ^ ■ , ^ 


^l^, , Mmm^^ ,._ 


. J~v4£L4_. , , . . . . L ,,,,,,,, , 






s.*JL^^.M/lM, , , . , , , ,....:,!...,,,,,,.....,.... 1 




i 


... i_Lj_j i_L .... ... ...... ., u. ■ . . : . .. i . j. UJ 


...... 



Somewhere within this subprogram would also be included the symbol TRIAL in the 
location field with a declaration of the prestored data or area reserved. 

It is left to the reader as a challenge to determine the contents of A and Q after each 
instruction, as was done in the previous problem. 

Student Problem 13A: 

Using problem 13, determine the minimum value between the sum of the 5th column and 
the opposite diagonal. 
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Flowchart: 



Problem 13A could be solved by coding in the following manner: 



LOCATION 


KMHONJMDIFIERS 


ADDRESS FIELD 




COMMENTS 










•! I u « -u « a i! n 


11 W I9>> M, (f :*i »=*•=«!:•! ' .1 i M 


«.-. ■»,•!»* i>»i (tin 












...... . ! , . . , , i : , | ; j 






■_j i i ! ' : i ^^a^^_ 




] ■ j_ ■ _, i i_i 


! ■ J_ i L 1 X 


= !!,![; | | | | 


















1 .....,,, . , , . , ,j 


^^ ■ ' .L- = ■ , . 5 = , 






. , : ! . , , , : , , J , , : . j 














]_ 


..... ■ ' ' ■ : ' : _L J_ | | _i • i__l I ' '■ J 




\ L 






. j ^ 


'. i l 1 i 1 ! i : i i i 1 1 . I..J.. J-..L..L- t-J-.J 1 i_L-l— i_ 1— i..-L-...L_ 




j 
























, , , 






s i ■ ; s i ■ , ! i . i i i : ! 1 I ! ; I 1 . i ..j 










,_j : : , 


: ,i_J J- l_-i_L..„L-L„L-J..^— i— i-i- X....1- .L-J-..L. L-i_.i.. ..i... J-_i_.O^..J-i..^.....J— 




I.,,,,.,.,::, ■■,!!■■ 


Li = ; i ! : ... -..-i- i_..i. L. ' .„.i_.i._i....J_...i- ... —i ....J_..i_l„_J_...J_-l_L I ..:. 




^_ ,■!,,.... 






^ t _ l 


i : i i i i I 1 i 1 i I L...J_i_J L_J L-L-l...-i..-i — L_ 






, , . , : , . , : ± : j_ . ■ i , . ^ i 1 




: \ 


> ' * 1 i ■ ' '■ ' = ■' 1 1 i i i i I ..J- ±...i_..l.._L-.J_...l~!...-i. i--i- 
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GROUP 14 
SINGLE PRECISION FLOATING POINT ARITHMETIC 



GROUP 14 
SINGLE PRECISION FLOATING POINT ARITHMETIC 



1 . Floating Add FAD 

2. Floating Subtract FSB 

3. Floating Multiply FMU 

4. Floating Divide FDV 



This group of instructions performs floating point operations on the contents of A. One 
memory reference is required. 

Both operands must be in floating point format. The computer will automatically 
normalize and round the final coefficient resulting from the operation unless UN or UR 
is specified. The operation always leaves the answer in A with the residue in Q. 
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The FLOATING ADD Instruction 

The FLOATING ADD instruction is an instruction that adds a 48-bit operand from an 
18-bit storage address to the contents of A in floating point format. One memory 
reference is made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is added to A. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand is 
added to A. 

If RP is specified by the programmer, the result of the operation replaces the contents 
of the storage address besides the A register. In this case two memory references 
are made. 

Normally the coefficient will be normalized. If UN is specified by the programmer, 
the coefficient will be unnormalized. 

Normally the coefficient is rounded if one -half or greater. If UR is specified by the 
programmer, rounding will not take place. 

The initial contents of the Q register are always destroyed by this instruction. 
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FLOATING ADD 



FAD 



MACHINE 



May be an 
upper or 
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instruction 
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Function code 



_J 



Optional, transmit — 
complement of operand 



Optional, transmit- 
magnitude of 
operand 



Optional, replace- 
result at M 



Optional, leave- 
coefficient 
un -normalized 



Optional, leave 

coefficient 

un-rounded 



Optional, bank term. 

0-7, transmits number to 
Operand Bank Register. 

$, transmits bank number in 
which base address resides to 
Operand Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



L, 



Optional, second index 
designator. 

Zero or blank, use no 
index. 

1-6, use relative 
addressing. 

7, use indirect ad- 
dressing. 

-Optional, first index 
designator. 

Zero or omitted, use no 
index. 

1-6, use relative 
addressing. 

7, use indirect address- 
ing. 

•Optional, base address. 
Zero if omitted. 
*, current program 
address. 



I d bit not programmable 
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FAD 

FAD, RP 
FAD, CM 
FAD, MG 
FAD, UN 
FAD, UR 



(A) + (M) -A 

(A)+ (M) -A and M 



(A) + (M) -A 

(A) + |(M)| -A 

(A) + (M) —A, final coefficient unnormalized 

(A) + (M) —A, final coefficient unrounded 
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PROBLEM: 



Add a floating. point number from address NUM to the A register. 



SOLUTION: 
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PROBLEM: 



Add the absolute value of a floating point number from address 
BILL to the A register. 



SOLUTION: 
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PROBLEM: 



Do a replace floating add from address BOB modified by Index 
Register 3. 



SOLUTION: 
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PROBLEM: 



Do a floating add from address TOJO using un-normalized 
arithmetic. 



SOLUTION: 
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The FLOATING SUBTRACT Instruction 

The FLOATING SUBTRACT instruction is an instruction that subtracts a 48-bit operand 
at an 18-bit storage address from the contents of A in floating point format. One 
memory reference is made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is subtracted 
from A. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand is 
subtracted from A. 

If RP is specified by the programmer, the result of the operation replaces the contents 
of the storage address besides the A register. In this case two memory references 
are made. 

Normally the coefficient will be normalized. If UN is specified by the programmer, the 
coefficient will be unnormalized. 

Normally the coefficient is rounded if one -half or greater. If UR is specified by the 
programmer, rounding will not take place. 

The initial contents of the Q register are always destroyed by this instruction. 
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FLOATING SUBTRACT 



FSB 



MACHINE 



May be an 
upper or 
lower 
instruction 
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Function code 

Optional, transmit 
complement of 
operand 

Optional, transmit 
magnitude of 
operand 

Optional, replace — 
result at M 



Optional, leave 
coefficient un- 
normalized 

Optional, leave 

coefficient 

un-rounded 



Optional, bank term. 

0-7, transmits number to 

$, transmits bank number in 
which base address resides to 
Operand Bank Register. 

*, transmits Instruction Bank 
Register to Operand Bank Register. 



Optional, second index 
designator. 

Zero or blank, use no 
index. 

1-6, use relative 
addressing. 

7, use indirect 
addressing 

•Optional, first index 
designator. 

Zero or omitted, use 
no index. 

1-6, use relative 
addressing. 

7 , use indirect 
addressing. 

Optional, base address. 
Zero if omitted. 

*, current program 

address. 



td bit not programmable 
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FORMAT: FSB, RP, CM, MG. UN. UR (aim h. i 
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FSB 

FSB, RP 
FSB, CM 
FSB, MG 
FSB, UN 
FSB, UR 



(A) - (M) -A 

(A) - (M) -A and M 



A) - (M) -*A 

(A) - |(M)| -A 

(A) - (M) -*A, final coefficient unnormalized 

(A) - (M) ~*A, final coefficient unrounded 
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PROBLEM: 



Subtract a floating point number at address JAKE from the A register 



SOLUTION: 
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PROBLEM: 



Do a Floating Subtract using the address specified in Index 
Register 2. 



SOLUTION: 
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PROBLEM: 



Subtract the absolute value of the floating point number at address 
PILL from the A register. 



SuLUTION: 
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PROBLEM: 



Do a Floating Subtract using address BOX with unrounded 
arithmetic. 



SOLUTION: 
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The FLOATING MULTIPLY Instruction 

The FLOATING MULTIPLY instruction is an instruction that multiplies a 48-bit operand 
from an 18-bit storage address by the contents of A in floating point format. One 
memory reference is made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the complement of the operand is multiplied by 
A. 

If MG is specified by the programmer, the magnitude (absolute value) of the operand 
is multiplied by A. 

Normally the coefficient will be normalized. If UN is specified by the programmer, 
the coefficient will be unnormalized. 

Normally the coefficient is rounded if one -half or greater. If UR is specified by the 
programmer, rounding will not take place. 

The initial contents of the Q register are always destroyed by this instruction. 
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FLOATING MULTIPLY 
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Function code- 

Optional, transmit- 
complement of 
operand 

Optional, transmit - 
magnitude of 
operand 



Optional, leave 

coefficient 

un-normalized 

Optional, leave- 

coefficient 

un-rounded 



Optional, bank term 

0-7, transmits number to 
Operand Bank Register. 

$, transmits bank number 
in which base address 
resides to Operand Bank 
Register. 

*, transmits Instruction 
Bank Register to Operand 
Bank Register. 



■Optional, second index 
designator. 

Zero or blank, use no index. 

1-6, use relative addressing 

7, use indirect addressing. 

-Optional, first index 
designator. 

Zero or omitted, use no 
index. 

1-6, use relative addressing 

7, use indirect addressing. 

■Optional, base address. 
Zero if omitted. 
*, current program address. 



td bit not programmable. 
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PROBLEM: 



Multiply the contents of A by the number at address SLINK. 



SOLUTION: 
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PROBLEM: 



Do a Floating Multiply using the address specified in Index 
Register 4. 



SOLUTION: 
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PROBLEM: 



Do a Floating Multiply using address BIGGEST with un-normalized 
arithmetic specified. 



SOLUTION: 
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PROBLEM: 



Multiply the contents of A by the absolute value of the number at 
address ONEPRCNT. 



SOLUTION: 
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The FLOATING DIVIDE Instruction 

The FLOATING DIVIDE instruction is an instruction that divides the contents of A by a 
48-bit operand from an 18-bit storage address in floating point format. One memory 
reference is made. 

The 18-bit storage address is composed of a bank term a (within parentheses) and a 
modified base address M where M = m + (B ) + (V ). If the bank term is missing, the 
current operand bank setting is assumed. The b and v index designators allow for 
relative addressing. If they are not used, direct addressing is implied. 

If CM is specified by the programmer, the contents of A are divided by the complement 
of the operand at the storage address. 

If MG is specified by the programmer, the contents of A are divided by the magnitude 
(absolute value) of the operand at the storage address. 

Normally the coefficient is rounded if one -half or greater. If UR is specified by the 
programmer, rounding will not take place. 

The initial contents are of the Q register are always destroyed by this instruction. 
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Function code- 



Optional, transmit- 
complement of 
operand 

Optional, transmit - 
magnitude of 
operand 



Optional, leave 

coefficient 

un-normalized 

Optional, leave 

coefficient 

un-rounded 



Optional, bank term 

0-7, transmits number to 
Operand Bank Register. 

$, transmits bank number 
in which base address 
resides to Operand Bank 
Register. 

*, transmits Instruction 
Bank Register to Operand 
Bank Register. 



-Optional, second index 
designator. 

Zero or blank, use no index. 

1-6, use relative addressing 

7, use indirect addressing. 

-Optional, first index 
designator. 

Zero or omitted, use no 
index. 

1-6, use relative addressing, 

7, use indirect addressing. 

-Optional, base address. 
Zero if omitted. 
*, current program address. 



td bit not programmable. 
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FDV 



FOKMAT- f"!U. -V \IG, 'H {a) m. h. 



M ^ in MB)- (V 



F 

L 
O 
W 

c 

H 
A 
R 
T 



-J; v !., 






MA)/(M) -A t »{ 



UM)> 0? 



~H (AN'fyi -/ 










)J*» 


Use Lower 
Instruction at 

(P) as Next 
Instruction 




Wa s \ 
Instruction. 
, Lower- / 




) X^Fxit 




Yes 














Udf upper 
Instruction at 
(P) + I as Sex: 
Instruction 

















D 
E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



FDV (A)/(M) -*A 

FDV, CM (A)/(M) -*A 

FDV, MG (A)/|(M)| -A 

FDV, UR (A)/(M), final coefficient unrounded 
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FDV 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Divide the contents of A by a floating point number at address 
DENOM. 



SOLUTION: 



LOCN 



i i i i i i 



|2|3|4|S|i|?|' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



FM 



i _ 



I I I L_L 



DfMftM 



III ! I I I I | | i i ii 



I 

IO|M |I2|I»|I41H l't|l7|H|l»|20|2l|2 2|23|24|;5|26|27|g8|2»|30|3l|32|33|34 | 3S|36|37|3B|3»|40|4 l | 42 | 43| 4 4 | 43 |4 6 1 4? , 4. | .8 | 30 



PROBLEM: 



Do a Floating Divide by the absolute value of the number at address 
PAR modified by Index Register 1 . 



SOLUTION: 



LOCN 



I I I L_L 



I' I ' |4 |» |« |T |. 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



r\V\V\ i i i i i i i^i/flffyii 



i i i i i i i iii 



! Q|" I'i l'3| i4|ii|H|l>|H |i«|Z0|il|;i|;3H4|i»|;«|8T|Z«|»»|3O|3i |32|33|34|3»|3t|3r|3»|3»|40|4: |4;|43|44|45|4«|47|4»|49|50| 



PROBLEM: 



Do a Floating Divide using address CARC with unrounded 
arithmetic. 



SOLUTION: 



LOCN 



■ iiii 



|2|3|4|3|6|7|» 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



EMi^im . i i .CAflg, 



-1—1 1 I i I I I I ! I I I 1 



'° I " I "I'M " I '5 I'M "I" l'M2Q| 2'|22|23|24|23|26 | 27 | 2« | 2 8 | 30 | 3 I | 32 | 3 3 | 34| 33 | 36 | 3 7 | 38 | 38 | 40| 4 ■ | 42 | 4 3 | 4 4 | 4 3 | 46 | 47 | 48 I 48 | 30 



PROBLEM: 



Do a Floating Divide using the address specified in Index Registers 
2 and 3. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD 


COMMENTS 


i i i i i i i 




r~\D V i i i i j i , i| , \3\ i i i i i i i i i 


1 


' |J | 3 |. |3 |6 |7 ,. 


9 


'° 1 " i'2 1 '3 M« I '5 ] '* 1 ' 7 I IB |I9 |ZO|2i|J2|23|;4|25| ? 6|?7|2e|29|50jSi |3?J3 3 


1 

34|3S|J6|3."|5ej)9[40i«'|4?i«3i«4|45|«6|47|4Bj*9|3O| 
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NEW CONCEPTS OF GROUP 14 

Floating point arithmetic offers to most people the most troublesome arithmetic to 

work with. They can understand integer format. The octal numbers XD13 and 

7 >• 751 in integer format offer no problem. They can understand fractional format 

The octal numbers 340 3> and 727 > 7 offer no problem But a mixture of 

integers and fractions using floating point format loses many people completely. Some 
people memorize rules. Some people carry a rulebook with them. These methods are 
cumbersome and often forgetful. This portion of the section deals with floating point 
format including the operation and use of the floating point instructions. 

The method employed to show floating point format is based on the elementary rules 
of algebra. In order to understand floating point format, one needs to know; 

1. the difference of coefficient, base number, and exponent, and how changing 
signs of the coefficient and exponent changes the value of the number. 

2. the method we used in explaining integer and fractional formats. 

First of all, let's consider the format. In scientific notation all numbers can be ex- 
pressed like the following: 

+ C • B± e 

This means that some coefficient is multiplied by some base number raised to an 
exponent . Examples are: 

1. 1. 5 • 10 3 

2. -3.6 ■ 10 5 

3. 7. 1 • 10" 4 

4. -6. 8 • 10" 5 

Here the base number is always 10 You may notice that the sign of the coefficient and 
the sign of the exponent are mixed. Let us rearrange these numbers from the largest 
tn +hp smallpst TVipv would be ordered like this: 
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1. 


1. 5 • 


10 3 


2. 


7. 1 • 


lO" 4 


3. 


-6.8 


10" 5 


4. 


-3.6 


10 b 



Largest 



Smallest 

This we've learned from algebra. Note that the number with the positive coefficient 
and exponent is the largest and how the number with the negative coefficient and posi- 
tive exponent is the smallest. Note also that a number above zero has a positive co- 
efficient and a number below zero has a negative coefficient. Note also that the sign 
of the coefficient determines whether the number is positive or negative 

When numbers are expressed on the machine, they are expressed in binary with a base 
2. If the base is always 2, there are two quantities which the format must express: 
the coefficient and the exponent. The engineers forthe 3400/3600/3800 systems have 
formatted a floating point operand as such: 



47 



~~l46 36 



EXPONENT ! COEFFICIENT 



Bits 47 and 35 > represent the coefficient . Bits 46 > 36 represent the 

exponent. 

The coefficient is always represented as a fraction with the point assumed to be between 
bits 36 and 35. The sign of the fraction is bit 47. Now you ask, "Why have the sign of 
the coefficient as the uppermost bit?" The answer is that it is the sign of the coefficient 
which determines whether the complete operand is positive or negative. If it is out in 
front, it can nicely be checked by the AJP, PL or AJP, MI instruction as is done with 
the integer" and fractional formats. 

Now let's return to algebra and see how binary numbers are expressed. We will use 
octal (easier to read) coefficients and exponents. Consider the numbers: 

1. .5- 2 6 

-4 

2. . 7 • 2 

-7 

3. -.6-2 

4. -.4 • 2 5 
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These numbers are already ordered from largest to smallest. Now let's say more 
about these numbers. 

1. represents a positive number greater than 4-1 

2. represents a positive fraction 

3. represents a negative fraction 

4. represents a negative number less than -1 



Now how do we match these numbers with how they look in machine format? Just as in 
integer and fractional formats, we draw a vertical number scale and compare positive 
forms only. 



Algebraic Notation 



Machine Notation 



1777 
2 1 '(octal) 3777X- 

2 i776 3776X- 



->X 
-5>X 



Positive Numbers Greater Than 1 



2 1 2001X- 

2° = + i 2000X- 

2" 1 1776X- 



->X 
->X 



->.X 



Positive Fractions 



2" 1776 0001X =»X 

„-1777 0000X p»X 



We found that the largest number expressible in integer format was 37- 



-> 7. We 



-P A f.v-tJ +V«^+ +U« 1 «-* ■*■» wri <-.+ v.t-.-v-v.'U^-** A-.r-rAitA nr.lV.1fl -i*-» -P-Mrt *-.4.-i ,-**-»« 1 fr-W>m^t+ i«n P 97 ■ '■ - ^> 7 "\X7",--ni1 #-3 

1UUHU Liiai nib j.cxx egoi nuiiiu^i ^aui ^ooiuiu j.li ii &*_ l j.^jlio.x a vjj. uxai. vv no <-» i -*^ i . vv vju.j.u 

you believe the largest number expressible in floating point format is also 37 > 7? 

It is because all formats are laid out the same. The smallest number expressible in all 
three formats is 40 >■ 0. Don't think though that you can mix formats and instructions 
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at will during the program. The instruction and format of the operands must agree. 

From the scale it is apparent that any positive number greater than 1 will be between 

20000 >0 and 37777 >7, and any positive fraction will be between 

00000 >0 and 20000 >0. Examples below point out a few of the number con- 
versions. 

Algebraic Notation Computer Notation 

1. . 5 • 2 6 - 200650 ^0 

2. . 5 • 2 -6 = 177150 >0 

6 "> 
What about negative numbers? What is the computer notation for -. 5 • 2 

If you remember integer and fractional formats, all we did was complement. From 

number 1 above 200650 > becomes 577127 ^- 7. This is the answer to 

the negative number, and of course, the sign shows negative. When the computer adds, 
subtracts, multiplies, or divides two floating point operands, it will always normalize 
and round the coefficient. This makes the answer as close as possible. However, 
the programmer may declare unnormalized or unrounded arithmetic for certain applica- 
tive s by specifying UN or UR respectively. 

POSSIBLE ERRORS 

The possible errors for the four floating point instructions include the following: 

Instruction Fault 

1. FAD Exponent Overflow - this occurs when the carry during the coefficient add 

causes the exponent to extend beyond 1777. 1777 
octal is the maximum positive exponent allowed in 
the format. 

Exponent Underflow" this occurs when the carry during the coefficient add 

causes the exponent to extend beyond -1777. -1777 is 
the maximum negative exponent allowed in the format. 

2. FSB Same faults as above. 

3. FMU Same faults as above - this occurs when the addition of the exponents 
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causes the exponent to exceed 1777 for Overflow or 
-1777 for Underflow. 
4. FDV Same as above - occurs when the exponents are subtracted. The re- 

sult must be between -1777 and 1777. 
Divide Fault - occurs when the divisor is zero. 

One further point on floating point operands is noted. If the computer answer results 
in zero, the answer will be >0. This is so that the AJP, -ZR or AJP, NZ instruc- 
tion can determine it as it can for integers or fractions. 
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Problem 14: 



A formula for Z states that Z 
floating point format. 



05(3X 



2 -2XY+Y 2 >. Solve for Z if X and Y are given in 



Flowchart: 



Enter]> 


— » 


Form 2XY 




Form 3X 2 -2XY 












3X 2 -2XY + Y 2 














fTV- 


Multiply 
By .05 




Store At Z 


QJxit 




\LT^ 











Problem 14 could be solved by coding in the following manner: 



■>Au£L. 



&MS2L 



B&L- 



LOCATION 0PERATION,MOOfflERS ADDRESS FIELD 



ZmOL^jEltkL- 



&M&^^j£)/AL.. 



,fl£S_ 



Es£. 



Q&L 



B£L 



COMMENTS 






•l.l * r*?a.^a.« i» ^±i»ia.L» .jJliJi, l.iia.iili.«Li.lii».LiLi. Sj_*Ll£ .i*I.i«J«!i*yB 13 



LM^l, 



J&. 



out 



£ 



BflfL-L-L-i^JC^&Z 



kzd...^->- 



JA. 



'&&- 



.'=DA. 



J*^_ 



._L.-L 



c »« 



J2L 



E^L 



'cpdsT+1 



JSjSttt 






is^£^_ t . 



iS/Wi" 



.^Mt^M±d*!tA^ 



„l_.i L.„J L 



^DA. 



Jll_ 



e&L 



11 



,M«a 



em_ 



Wt*A-,M.i +y* * A , 



^jZ&L^EiMMAlJMl^s. . 



EA!L 



'f-MsTi -A 



S.T&. 



JSl> 



_i_j i...i l. i- 



S,lX 



eSl 



. WALr 



I 

_L_1_ 



J__^.1„L_ 






Somewhere within this subprogram would also be included the symbols X and Y in the 
location field with a declaration of the prestored data or area reserved. 
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Student Problem 14A: 

Solve for S if S = ( P /q + l)( r /2 -3) and p, q, and r are given in floating point format. 



Flowchart: 



Problem 14A could be solved by coding in the following manner: 



LOCATION 


BPERATMN.MOOffeS ADDRESS FIELD COMMENTS 


1 II i* ■: * I I H : 7 ; 1 


■ ^'11(1 11 »: »:«.»!* :<t|»|>. : n|1|V . mllIr:n „ _ „ „ „ u „*,-,„„ „(„ ., » - .T . „ 




,,,.,,,,:!,. , , , , , , , , , , J 




_[ j_ 




■ , 1 , j 




j . __, ^ . . J ^ 




, ^ , , , ,_ ,J_ ; L j_ : , ^ , | _ J J 


' '< > i i 1 1 








i_i_L i_L^. 


j . , A J 


i 1 i 1 : 


■ , . . . ! , . . | 


, , j , , , : 


:| ,,:, | , | :.,... , | 


,_J _L L_l < ' 


: i > 1 . : , i | | : , , . . , | 


=..,.,, 




1 i i ; i l i 







' i ■ i i i a-J^LJ^i ■ ] ■ 


I 1 i i i ,i..,i 


r _UJ^-L±±J^Jj_U^.±iJJuj_LiJJ_U_L^a ! ! J_l_L..J_i_J_l_l_. 1 1 ,,:,:. , 







1 i'l : = i 1 






: ,i„ ;. i i ; ' ! ■ L-'-l ! t i i i i i i ■ i_L_L ■ o_i ■ ,i. .; 1 






1 i 1 i ! 1 1 




> ,ii . ii 


i , , . j_ ,_ i _ L ' J_ 1 ^ J_ : . ■ ■ j. 1 I ■■ : , | 


: 1 i •■ i ' 
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GROUP 15 
SEARCH 



GROUP 15 

SEARCH 

1. Equality Search EQS 

2 . Threshold Search THS 

3. Masked Equality Search MEQ 

4. Masked Threshold Search MTH 

5. Search Equality SEQU 

6. Search Masked Equality SMEQ 

7. Search Within Limits " SEWL 

8. Search Magnitude Within Limits SMWL 

9. Locate List Element Upper LSTU 

10. Locate List Element Lower LSTL 

11. Scan SCAN 

This group of instructions searches one or more storage words from memory until it 
has made a find, or until the specified list has been completely searched. One memory 
reference is required for each address searched. 

The first four instructions use an index register for the number of addresses to be 
searched. If a find is made, a full exit is taken. If no find is made, a half exit is 
taken. Because of this principle, these four instructions are upper instructions, and 
the computer assembler will force these instructions to the upper position. Therefore 
the programmer should not modify these instructions with modifiers, bank terms, or 
second index designators, since this overrides the assembler and makes the use of 
these instructions ineffective. 

The next four instructions make use of Index Registers 1, 2, and 3. By using Index 
Register 3 as an incrementer, some storage addresses can be skipped. 

The next two instructions locate an element within a list. This list must have been pre- 
viously set up by the programmer, and now an element may be specified by its order in 
the list. 

The last instruction searches bytes of memory words rather than complete memory 
words. 
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The EQUALITY SEARCH Instruction 

The EQUALITY SEARCH instruction is an instruction that searches memory for an 
operand equal to the contents of A. One memory reference results for each storage 
address searched. 

The contents of the index register specified by b_ determine the number of storage 
addresses searched. For every address searched the contents of the index register 
are decremented by 1. If no index designator is specified, one word is searched at 
address m. 

If an operand in memory satisfies the search, a full exit is taken. The address of the 
operand that satisfied the search will be given by m + (B ). If no operand satisfies the 
search, a half exit is taken with the contents of the index register going to zero. 
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EQUALITY SEARCH 



EQS 



F 
O 
R 

M 
A 
T 



MACHINE 



This in- 
struction 
should not 
be used as 
a lower 
instruction. 



COMPASS 



47 



— i 1 1 

6 . 4 . b > ■ 



23 



,na 



J I L 



LOCN 



i i i i 



i'ui'iii'i'ii 



\ 
\ 



OPERATION.MODIFIERS ADDRESS FIELD 



£&S, 



i i i i ifti^igi i iiiiti 



COMMENTS 



I ' I i I ' 



10 I M | 'Z | '3|i 4 | 13 ; '»| lf | ' «!"!' a|ti|ii|Zl|?«|g»[i«| i7 l ;im l iQ|li| lililn.,11 IMHTIMIHI^O! 4 ■ |«»|«3|« 



Function code 



|J9|4Qj4i |4;|4i|44|.;|4 t |4? | 4»|4S | iQ| 



Optional, index designator. 

Zero or omitted, use no index, 
one word is searched at m. 

1-6, search (B ) words 

7, use indirect addressing. 

First word address. 
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EQS 



EQUALITY SEARCH* 



FORMAT: EQS 



M - m + (B°) 



F 

L 
O 
W 

c 

H 
A 
R 
T 



*-X n h ,,o-\ 



(13 > - 1 - a 



Q- 



Yes 

o- 



o 



/ IntiirruptN Yes /Pro< :i'S; 
4 Present '» t •K Interruj 

o 



l«o I pp.,r 
Instruction At 
-*\ <PH ! As Nex: 
iSULK:tUin 



tsc I. owe! 
( I') \ « Ne 



* ("'" l"-) ^ 11 ^) 



EQS 



D 
E 

S 

c 

R 

I 

P 

T 

I 

O 

N 



1) (B ) is number of addresses searched 

2) m is first word address 

3) Search for (M) = (A) 

4) Half exit if search is not satisfied, otherwise full exit 
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E 
X 
A 
M 
P 
L 
E 
S 



EQS 



PROBLEM: 



Examine the quantity at address KLUDGE for being equal to the 
contents of A. 



SOLUTION: 



LOCN 



i i i i i 



Jl J ,4 IS 16 17 I a 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



E&S 



j_j i 



KLDJ>^e 



I I I L_J ' I I I i 



I 



■ 111 ! 



| l' |ii I ■» I i« Mi |i«|i7|l» |l»m>HI|ii|23|a4|ia|Z«|;7|;e|8»|3QHi m|H|14 l iJ|3« | i7|>a|39|«Q|4 |4a |«3M4|<3|46|47|4« 



«4f43|46|47;48 «9|jQ 



PROBLEM: Given: (B 1 ) = 100 



Search a table of 100 locations starting at address TAB for some 
quantity equal to A. 



SOLUTION: 



10CN 



.[ i i i i i i 



I M 3 | « | 5 | 6 | 7 | I 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£M 



j_j i i i i i i 



T\ft\B\^\l 



gi-*-i i i i i i i i i 



J I I I I I ! i 



I I 

'" I" l"l"l'«l" M«1 "M» |i»|iO|;i|ii|a3|24|i3|2«|Z7mm|30|3i |3;|33|34|33 I 38|37;3B|33|40|« « ! | 4 1 1 4 « i 4 3 | 46 | 4 7 | 41 ; 4; | ;o | 



PROBLEM: Given: (B ) = 100 octal 

Search a table of 100 (octal) values starting at address MAT for 
some quantity equal to A. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



fr<g^ MJf^yZ 



J — Li— i-j i i i ; i 



-J 1 I L_ 



I ' I ' I * I ' I ' l T I * l» l'° ; l' J M4|'3MM'7M»|H|a0|a.[aaia 3 |a4|aS|a t| a,|;.|;, | l0|,,|3a|33|34|33|36|37 1 3. l 39 ! ..0 1 4 |4a;43 | 4.|43|4.|47|41.4»|3Q. 



PROBLEM: 



Examine the quantity at address SMUT for being equal to the 
contents of A. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



I' | 3 | 4 | 3 | « | 7 n 



Wl 



. i 'SMUT. 



J I I I I I L_l I I I i I i l : I ; i I i i : i 



I 



1" l "l"l" I" I"! 1 '! 1 ' I^ia°|a'|ga|a3|a4|ai|;6|a7|;||as|30|3i |3;|33|H|33|36|3 7|3e|38|10|4. |4; | 43|44|43|46[17|4»|49|33 



The THRESHOLD SEARCH Instruction 

The THRESHOLD SEARCH instruction is an instruction that searches memory for an 
operand greater than the contents of A. One memory reference results for each 
storage address searched. 

The contents of the index register specified by b determine the number of storage 
addresses searched. For every address searched the contents of the index register 
are decremented by 1 . If no index designator is specified, one word is searched at 
address m. 

If an operand in memory satisfies the search, a full exit is taken. The address of the 
operand that satisfied the search will be given by m + (B ). If no operand satisfies the 
search, a half exit is taken with the contents of the index register going to zero. 
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THRESHOLD SEARCH 



THS 



F 
O 
R 

M 
A 
T 



47 



MACHINE 



Q >'< ■ 



23 



This instruction, 
should not be 
used as a lower 
instruction 



COMPASS 



^Sr^- 



■ m i ■ 



\ 

\ 



LOCN 



J I 1 [_L_ 



OPERATION, MODIFIERS ADDRESS FIELD 



M"|3j I I I I I I i*i ? iAi 



COMMENTS 



i i i i i i i i i i i i i i i i i i i i i i i 

i 

1 ' I " I ' I « I' I ' l» l'° 'l"l l< l"l"l"l'»l'»l">l»l|ZZ|2i|2 «|85|g«|a7|;«| ; 9| M |3iH;|3»|».|3 5 |3« l 3 7|31|I»|«0|4. | «i j « 1 1 . 4 | . i | .6 | 47 ; . . | 4 3 | , 



Function code 



Sr^ 



Optional, index designator. 

Zero or omitted, use no index, 
one word is searched at m. 

1-6, search (B ) words, 

7, use indirect addressing. 

First word address. 
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THS 



THRESHOLD SEARCH* 



FORMAT: THS 



M = m + (B ) 



F 

L 
O 

w 
c 

H 
A 
R 

T 




♦Forced upper by the assembler 



THS 



D 

E 

C 
R 
I 

P 
T 
I 

O 
N 



1) (B ) is number of addresses searched 

2) m is first word address 

3) Search for (M) > (A) 

4) Half exit if search is not satisfied, otherwise full exit 
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|_ THS 


PROBLEM: 




E 


Examine the quantity at address SMALLEST for being greater than 
the contents of A. 


X 

A 




M 
P 
L 
E 
S 




SOLUTION: 




LOCN 


OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


1 1 : i ! i ! 


T H\S\ i i i i i i \S\MfitL\L \t\5\T\ i i i i i i i i i i i i i i I i i | 


'I'll I'H 


i i 

9 10 |H |l! |U |il |U|l«|l7|l8|l9|20|2l|22|23|Z4|23|26|Z7|2B|29|JO|Bl | 32 | 3 3 | 34| 35 | 36 |3 7 | 38 | 3 9 | 40| 4 | 42 | 4 3 | 4 4 | 45 1 46 1 47 1 48 1 49l 50 




3 
PROBLEM: Given: (B ) = 5 




Search a Table of five values starting at address AREA for some 
quantity greater than A. 






SOLUTION: 




LOCN 


OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 


1 intSi II P\K\t\fi\^\3\ I i ! i 


1 | 2 | 3 | 4 | 5 | 6 | 7 | 6 S 


1 1 

| ll | 12 | 13 | "4 | 13 |l« | 17 |I8| 19 |ZO|2l|2Z|23|24| 25|26| 27 |2« |2» |30 |3l |32 |33t34| 35 |J6 |37|3$! 39| 40141 |4? |43 144143(461471481491301 




4 
PROBLEM: Given: (B ) = 100 




Search a table of 100 values starting at address TAR for some 
quantity greater than A. 






SOLUTION: 




LOCN 


OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


: i : i i i i 


7 l»i^i i i i I 1 1 iT l/TI <\|j 171 I 1 1 1 1 1 1 1 1 1 | | | i | | i | i | | | | | | i 


l |! | J | 4 |5 | 6 | 7 | a S 


1 1 

I0|il|l2|l3|l4|l5|l«|l7|l8|l9|20|2l|22123|24|25|26|27|2i|29|30|3l|32|33|3 4|35|36|37|36l39|40l4i|42l43l44l45l46l47l4lll49l50 




5 
PROBLEM: Given: (B ) = 200 




Search a table of 200 values starting at address PATCH for some 
quantity greater than A. 






SOLUTION: 




LOCN 


OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




' l» 1 J 1 « | » |« |T | • 9 


1 I 

10 | II | 12 | 13 | 14 | 15 |Kpi'|IB]l9|20|2i|22|!S)24|25|26|Z7|2i|29!SO|3l |S2|3)|34|55|3«|37|5e|3»|40|4i |42|43|44t43|46l47|4i|49|50l 







15-9 



The MASKED EQUALITY SEARCH Instruction 

The MASKED EQUALITY SEARCH instruction is an instruction that searches memory 
for an operand masked with the contents of Q that is equal to the contents of A. One 
memory reference results for each storage address searched. 

The contents of the index register specified by b determine the number of storage 
addresses searched. For every address searched the contents of the index register 
are decremented by 1 . If no index designator is specified, one word is searched at 
address m. 

If an operand in memory satisfies the search, a full exit is taken. The address of the 
operand that satisfied the search will be given by m + (B ). If no operand satisfies the 
search, a half exit is taken with the contents of the index register going to zero. 
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MASKED EQUALITY SEARCH 



MEQ 



F 
O 
R 

M 
A 
T 



MACHINE 



47 








23 





6 


i 
,6 


:»! 


i , m i 


i 





This instruction 
should not be 
used as a lower 
instruction 



COMPASS 



-v-'Sr' v - 



\ 



LOCN 



J_J I I 1 I L_ 



I' IM« H l« I' !■ 



OPERATION, MODIFIERS ADDRESS FIELD 



thm 



i 1 1 i 



^i^i^i 



COMMENTS 



-i — i i i i i i i ; i i i i i i i i i i 

i " i 

'°l" l"M»l l «l l »l'«l'nn|U|z°|zi |zan»|a4|i»|;t|;7|gi|g«|n>|ai |HH»n. l M| > en7|j»|39|«0|«. |4;| < 3|4 < |»i l< s|«T|4.|4«uo | 



Function code 



Sr* 



"Optional, index designator. 

Zero or omitted, use no index, 
one word is searched at m. 

1-6, search (B ) words. 

7, use indirect addressing. 

"First word address. 
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MEQ 



MASKED EQUALITY SEARCH* 



FORMAT: MEQ 



F 
L 
O 

W 

c 

H 

A 
R 

T 



\ No / I \ No 

= o? ) * \ (b ) * o? J— -* >. 



6— 



-9 



■9 



Use Upper 

Instruction at 
(P) + 1 as Next 

Instruction 



Use Lower 
Instruction 
at (P) as Next 
Instruction 



-*t<QHm> » lAytyte+C l 



•Forced upper by the assembler 



MEQ 



D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



1) (B ) is number of addresses searched 

2) m is first word address 

3) Search for L (Q) (M) = (A) 

4) Half exit if search is not satisfied, otherwise full exit 
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MEQ 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: Given: (Q) = 77 octal 

Examine the lowest six bits at address TAB for being equal to the 
contents of A. 



SOLUTION: 



LOCH 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




MtctQt ii TAS\ i i i > i i i i i i i i i i i i 


, in>i<|!|>l'!i 


3 


i i 

lQ|M|l2j.i|H[l4|i6|l'|l8|l9|20[2l|22(23|2^|23|26l?7|!«|2»|SO|Jl|32]35jJ4|35|3«|3ri38|59|*0|4|«J|«J|44j«5|46|4T|«i|49|50| 



PROBLEM- Given: (Q) = 770 octal 

(Bl) = 100 

Search a table of 100 values starting at address ENT for some upper 
6 bits equal to the contents of A. 



SOLUTION: 



10CN 




OPERATION, MODIFIERS AflDRESS FIELD COMMENTS 


1 1 1 ! 1 1 1 




M\C\<9\ i i i i i i \cH\T\yM i i i i i i i i ! i i i i i i i i i i i i i i i i i 


i | 2 , i | 4 | 3 | S | T | ■ 


9 


i i 

i0|M|i2 [ iJ ! i4]i5|i6|l7|iB|i9|2O|2<|2Z|23|24|J5|2*|2T[2t|!9|30[S(j32|33|34t3S|36|37 139|3914{J|4. j42|4J144]45|46|47|4»|49|10| 



PROBLEM: Given: (Q) = 77777777 octal 

(B2) = 10 

Search a table of 10 values starting at address PETE for some 
lower half portion equal to A. 



SOLUTION: 



LOCN 




OPERATION. MODIFIERS ADDRESS FIELD 


COMMENTS 


i i i i i i i 




Wh(?i i i i i i i \P£\T\t\j\3-[ i i | | | i i i i i i i t 


l |2|3|4|3|<|T|S 


9 


i 

0|ii|i2|iJ|i4|ll|i«tlf|l»]l9|2O|2ll2212S|24|23|26|2?|2iJ29l3O|3l 


1 

|32|53|S4j35j36|S7|3B|39|40|4. |4J[4Jj44|45]46|4?|4i|4S|50; 



PROBLEM: Given: (Q) = 777777770 octal 

Examine the upper half of the value at address PAL for being equal 
to A. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




M\C,Q\ i i i i i [r\ff\L[ i i i i i i i i i i i i i i i i : i i i i i i i i i i , 


' |! I 3 |4 |J ,« i , |. 


9 


1 1 

.0 | .i |i2 1 il|i«|(5|ifc|i>'|H|l9(2O[2i 1 ^?|?3|;4|;5|?6|;'[2«12 9 iJ o I JI |W|3ij34|i5|)ii|37|3B|39|40|4 |+2 | 41j44 ] 45|46|47|4|,*9|50i 
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The MASKED THRESHOLD SEARCH Instruction 

The MASKED THRESHOLD SEARCH instruction is an instruction that searches memory 
for an operand masked with the contents of Q that is greater than the contents of A. 
One memory reference results for each storage address searched. 

The contents of the index register specified by b determine the number of storage 
addresses searched. For every address searched the contents of the index register 
are decremented by 1 . If no index designator is specified, one word is searched at 
address m. 

If an operand in memory satisfies the search, a full exit is taken. The address of the 
operand that satisfied the search will be given by m + (B ). If no operand satisfies the 
search, a half exit is taken with the contents of the index register going to zero. 
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MASKED THRESHOLD SEARCH 



MTH 



F 
O 
R 

M 
A 
T 



47 



23 



M AC HI ISTE I 6 j 7 ! b i i 

* V a 

This instruction: ^ 

should not be 

used as a lower 

instruction 



m. 



J 1 L 



COMPASS 



LOCN 



i i i i i 



I' I ' H l» l« I ' H 



OPERATION, MODIFIERS ADDRESS FIELD 



MiTHi 







iWljlOl 



COMMENTS 



i i i — i i i i i i i i i i i i i i i 

' i 

° l " l " l " l " l " l "l l M" l l< l 20 l " l "[» .i »l»l"l"l"l"U°l>'|3a|3i|34H>|MU7H.H»|40 M , | ,! | ,i, 44 | 4 j | 4 , | , , | .. | .9 | JO | 



Function code 



SH 



•Optional, index designator. 

Zero or omitted, use no index, 
one word is searched at m. 

1-6, search (B ) words. 

7, use indirect addressing. 

•First word address. 
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MTH 



MASKED THRESHOLD SEARCH* 



FORMAT: MTH 



F 
L 
O 

W 

c 

H 
A 
R 
T 




fMlWAwV- Nfi_*/lnterrupt A Yes /processX 
(M) * A) y ^Present » J~ K Interrupt/ 



Use Upper 
Instruction at 
(P) + 1 as Next 
Instruction 




♦Forced upper by the assembler 



MTH 



D 

E 

S 

c 

R 

I 

P 

T 

I 

O 

N 



1) (B ) is number of addresses searched 

2) mis first word address 

3) Search for L (Q) (M) > (A) 

4) Half exit if search not satisfied, otherwise full exit 
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MTH 



E 
X 

A 
M 
P 
L 
E 
S 



PROBLEM: Given: (Q) = 77 octal 

Examine the lowest six bits at address TUB for being greater than 
the contents of A. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




niTint 1 i 1 I 1 1 \I\U\B\ i 1 1 1 1 1 ! ! 1 1 ; 1 1 1 1 , 


l |2 | 3 | 4 | 5 | 6 | 7 | e 


9 


1 i 

'0 1 II |>2 "1" |>5|'«|I'|'"I"|2°|2'|M|»I»«I»»I«I"|21|«I»0|»' | 32 | 3 J | J4| 35 | 36 1 1 7 | 38 | 39 | 40 | 4 | 42 | 43 | 44 | 4 5 | 4 6 i 4 7 | 4« ; 49 | 50 | 



PROBLEM: Given: (Q) = 770 octal 

Examine the highest six bits at address TANK for being greater than 
the contents of A. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




/vi/iWi i i i i i i iTirti/ViKi i i i ! i i i i i i i i i i i i i i i i i : i i i 


1 |2|1|4|3|S|7|B 


9 


1 1 

t0|H|l2|l3|l4|lS|l6|,7|ia|l9|2O|2l|!!|Z3|24|25|2«|27|2e)Z9|3O|JI]3?tSSl3 4|S5|36|37|38|39|40|4i|42[43|44|45|46|47|4e'49|50| 



PROBLEM: Given: (Q) = 77 octal, (B 4 ) = 10 

Search a table of 10 values starting at address TOP to see if the 
lowest 6 bits of each value is greater than A. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i i 



flT^ 



I I i i I i / r 



TftPi,,'/ 



J—l I 1 1 I I I 1 1 1 I I I I I 1 I 1 



' I 2 I 3 I 4 l S I 6 1 T I 6 l 9 l' C> l n | >i l ia l l4 i l5 l l «l l? l»»l'»l?O12M Z2 |gS|g*12i|?* | ? 7 |g»l?9|JOp'|3g[33;34|35|i«137|iBtS9|40(4 l ;4;|<3)44|4Si46l*7|4gl<9|SO; 



PROBLEM: Given: (Q) = 000777770 octal, (B°) = 20 

Search a table of 20 values starting at address FORM to see if the 
upper address portion of each value is greater than A. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




MiTifri i I I i i i iri(0i/stMi« \5\ i i i i i i i ' i i i i i i i i i i i i i i i i 


' |2 | 3 |. |5 |« ,7 ,. 


, 


1 

,0 1 " l | 2|'3]'<|H|ie|"|l«|l9|20i2'|22|23|24|25|2S|27|2. l 29|30[! 


i 

' |3?|33[34|35|36[JT|38|39140|4 |*?|«3|44|«3|46147|48 


49(30 : 
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The SEARCH EQUALITY Instruction 

The SEARCH EQUALITY instruction is an instruction that searches memory for an 
operand that is equal to the contents of A. One memory reference results for each 
storage address searched. 

Before this instruction is executed, three index registers are defined and must be set 
up as follows: 

1. (B ) - number of storage words to search 

2 

2. (B ) - modifier for address m 

3 2 

3. (B ) - incrementer for (B ) 

The incrementer is set for 1 for searching sequential words, 2 for searching every 
other word, etc. 

The bank term a allows the programmer to search in any bank starting with address M 

2 
where M = m + (B ). 

If the search is satisfied, a full exit is taken. The address of the operand that satisfied 

2 3 

the search will be given by m + (B ) - (B ). 

If the search is not satisfied, program control will transfer to address n with the 
contents of Index Register 1 going to zero. 

If I is specified by the programmer, the address searched is not M. Rather, the lowest 
18 bits at address M become the address searched. 
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SEARCH EQUALITY 



SEQU 



F 
O 

R 

M 
A 
T 



MACHINE 



COMPASS 



LOCN 



i i i i i 



i z i ' i" i» i« i ' i » 




OPERATION, MODIFIERS ADDRESS FIELD 



SiiiffMjJi i i i ifia-JiWij.Tt 



COMMENTS 



i i i i i i i i i i i i i i .1 _±_ 



i i i i i i i 



° l ll l '' l '' l ' < l'»l''l''l''l'»l"l»'l»»|H|a»l»a|»«l»>| i ai;.ii O|ii|»|,i|3 < |» |1 .| > ,|,.u,| <0|4 , | „ |<1|44|<5|te| „ |41|<J 



Function code 



_J 



J ^-> 



Optional modifier 

Indirect addressing 



T 



« i*i)46|47|4B|*9 | 5Q | 



-Jump address if search is 
not satisfied. 

•Optional, base address. 
Zero if omitted. 

-Optional, bank term. 

Current operand bank setting if 
omitted. 

0-7, actual bank. 

$, bank in which base address 
resides. 

*, bank in which SEQU resides. 
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SEQU 



SKARCH KQUALITY 



FORMAT: SFQU, I <a> r 



F 
L 
O 
W 
C 
H 
A 
R 
T 



H(B 3 )-(B 2 I »(T) 




D 
E 

S 

c 

R 

I 

P 
T 
I 

O 
N 



SEQU 



SEQU, I 



1) (B ) is number of addresses searched 

o 

2) m + (B ) is first word address 

3 

3) Addresses searched in increments of (B ) 

4) Search for (M) = (A) 

5) Jump to n if search not satisfied, otherwise full exit 

Search indirectly 
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E 
X 
A 
M 
P 
L 
E 
S 



.SE&IL 



PROBLEM: Given: (B 1 ) = 100, (B 2 ) = 0, (B 3 ) = 1 

Search a table of 100 values starting at address TAB in Bank 1 for 
some value equal to the contents of A. If the search is satisfied, 
continue the program. If not, jump to address NOFIND. 

SOLUTION: 



LQCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



ii,i 



' ; ' "* " i* >' " 



££M 



l °t | W | I I I I L_L 



fa)TA,&jAt/,fZJJ,n 



I ! I I I I I I I I I 



I I I I I i 



9 |<0|,l |ig|H|H|i5|H|IM"l'»|iO |»'|g2H3H4|»|at|g7| Z «mHO|ll|3Z|3» l H|J»|3«|97|a«|5»|<0|«, | 42 | 4j | 44 | 4 5 | 46 | 47 | 4. | 49 | 50 | 



PROBLEM: Given: (B 1 ) = 100, (B 2 ) = 0, (B 3 ) = 2 



Search a table of 200 values by searching only every other value 
(actually 100 values). The first address is MORT in Bank 2. If 
there is some value equal to A, continue the program. If not, 
jump to address NIL. 



SOLUTION: 



LOCN 



i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S&&M If^iM^iftT.ji/.I.Li 



I I 1 L_l I I I 



|2|l|4|5|6j7|Bi9|,0jM|lZ ll 3|i4|ii|l6|i7jlB|l9|;O|Zl|;Z|23|24|i5[g6|27|ge|Z»|3Oj3l|3;|33|34|35|36|a7j3a|19[4Q|4|42i4i|44|45|46|47|4Bi49|50 



PROBLEM: Given: (B 1 ) = 10, (B 2 ) = 0, (B 3 ) = 1 



Search a table of 10 values starting at address PETE in the bank 
where PETE resides for some value equal to A. If the search is 
satisfied, continue the program. If not, jump to address NIX. 



SOLUTION: 



LOCN 



' I 3 I « P l« I' I ■ 



OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



s&m 



i i i i i i 



i^i ) ££j£ yJLU)L 



i i i i i 



l i " i " I" l"l " I" i'»l'°l' i ;g7|73|74|2i|;6|Z>|;9|;9|30|3l | 32 | 3 3 | 34| 35 | 3« |3 7 | »» | 39 | 40 ; 4 | 42 | 43 | 44 j . i | 4 6 | 4 7 | 4 » ; 49 | 5 O 



PROBLEM: Given: (B 1 ) = 100, (B 3 ) = 1 

Search a table of 100 values starting at the address specified in 
Index Register 2 in Bank 3 for some value equal to A. If the search 
is satisfied, continue the program. If not, jump to address RECALL 

SOLUTION: 



LOCN 




OPERATION. MODIFIERS ADDRESS FIELD 


COMMENTS 




i i i i i i i 




_>ifciffiVi | | | | i^j3i^ i |/f|t|C/f|L|i.| i i i i i i i i ! i i i i i 


' l< 1 3|< |3 |B|7 H 


9 


1 

° 1 " !'2 |'3 !■« |'3 |,ii"|,l |i9|;0|2.|72|7! | r«|M|?6|?7|?l|!9 | JO|3, ] 3i | > 3 | 3 


i 

4 | »S | 3«|3r,5B|3S|40|4 | 4 l [ 4 » , 4 4 . 4 5 , 


46 | 4? [48 ' 49|50; 



The SEARCH MASKED EQUALITY Instruction 

The SEARCH MASKED EQUALITY instruction is an instruction that searches memory 
for an operand that, masked with the contents of Q, is equal to the contents of A. One 
memory reference results for each storage address searched. 

Before this instruction is executed, three index registers are defined and must be set up 
as follows: 

1. (B ) - number of storage words to search 

2 

2. (B ) - modifier for address m 

3 2 

3. (B ) - incrementer for (B ) 

The incrementer is set for 1 for searching sequential words, 2 for searching every 
other word, etc. 

The bank term a allows the programmer to search in any bank starting with address 
M where M = m + (B ). 

If the search is satisfied, a full exit is taken. The address of the operand that satisfied 

2 3 

the search will be given by m + (B ) - (B ). 

If the search is not satisfied, program control will transfer to address n with the 
contents of Index Register 1 going to zero. 

If I is specified by the programmer, the address searched is not M. Rather, the lowest 
18 bits at address M become the address searched. 
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SEARCH MASKED EQUALITY 



SMEQ 



F 
O 

R 
M 
A 
T 



MACHINE 



COMPASS 



LOCN 



I I I ! I 



47 



39 



23 



6 i3 



ZZL 



ji__i LiLa 



. .4 ,3 



1 — r 
, a , 




l*l»l«|5|«l'l» 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



bMEiQijiIi i i i YiQuhijiv, 



i i i i i i i 











° 'I |J I'«I" l"l"l "l'»l'°l"|aa|»|g«|2»l»»|g?|ai|83|30|ii |32U3|34|35|3t|i7|M|39|«C|4i |4;|4J| > 4|<a|»t|«>|4 l | < 9 l 5Q | 



J^r-J 



Function code 



Optional modifier — 
Indirect addressing 



Sr-' 



-Jump address if search 
is not satisfied. 

Optional, base address. 
Zero if omitted. 

Optional, bank term. 

Current operand bank setting if 
omitted. 

0-7, actual bank. 

$, bank in which base address 
resides. 

*, bank in which SMEQ resides. 
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SMEQ 



SEARCH MASKED EQUALITY 



F 
L 
O 

W 

c 

H 
A 
R 
T 



1 



FORMAT: SMEQ, I (a) i 



Enter-^ J (B ) = 0"> \ No J IBl-l-B 



Use Upper 
Instruction at r 
as Next 
Instruction 



L (M) (Q) = (A)^p^ 



Use Upper 
Instruction at 
<P) +1 as Next 
Instruction 



£ y-<D 






1 Spe.H 


'"" y 


■ \ 


Y»s 




Use I.UVfHl Jfi 

Bit:; r>f (Mj 
to I'-r.rm 
\ew M 








Rca:! (M) 







<R ) * <B > -B J 



D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



SMEQ 



SMEQ, I 



1) (B ) is number of addresses searched 

o 

2) m + (B ) is first word address 

3 

3) Addresses searched in increments of (B ) 

4) Search for L (M) (Q) = (A) 

5) Jump to n if search not satisfied, otherwise full exit 

Search indirectly 
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E 
X 
A 
M 
P 
L 
E 
S 



SMEQ 



PROBLEM: Given: (B 1 ) = 100, (B 2 ) = 0, (B 3 ) = 1, (Q) = 77 octal 

Search a table of 100 values starting at address PACK in Bank 1 for 
some value whose lowest six bits are equal to the contents of A. If 
the search is satisfied, continue the program. If not, jump to ad- 
dress ERROR. 

SOLUTION: 



LOCN 



i i i i i 



IM » l« l» I' I' I' 



OPERATION.MQDIFIERS ADDRESS FIELD 



COMMENTS 



Stfm 



i i ( i-ti 1 1 



(dAiPACK.&K&fa 



J I I LJ I ! I I I 



III 



3 I" l'M | 3| H|'»l'«l l MH|'»l"l|"l"l»'l»«|g»|g»|Z'|Z»|Z»|»°|3' |M|3i|a4|J5|3«|»T|M|3»|40|4. | <Z|4 i |4.H5|<6|<7m|4»HQ| 



PROBLEM: Given: (B 1 ) = 100, (B 2 ) = 0, (B 3 ) = 2, (Q) = 770 

Search a table of 2 00 values by searching only every other value 
(actually 100 values). The first address is SORT in Bank 2. If 
there is some value whose highest six bits are equal to A, continue 
the program. If not, jump to address PIL. 

SOLUTION: 



LOCN 



i i i i i i i 



OPERATION.MQDIFIERS ADDRESS FIELD 



COMMENTS 



SH£Q> 



■ (^SiriflT^flLL 



III! I 



I I 

1 I 2 I » I 4 I » I 6 I ' I » I ' I '0 1 ■■ I" I '3 I '4 | '5 |I«|I7|H | IS |20|2l|2;j23|;4|2S|26|27j26|29|30|3' | 32 | 3 3 | 34| 35 | 36 | 3 7 | 38 | 39 | 40 | 4 , "glOI'^l'^^ei^TlOia^lSOl 



PROBLEM: Given: (B 1 ) = 10, (B 2 ) = 0, (B 3 ) = 1, (Q) = 77777 octal 

Search a table of 10 values starting at address SETE in the bank 
where SETE resides for some value whose lowest 15 bits are equal 
to A. If the search is satisfied, continue the program. If not, jump 
to address FIX. 

SOLUTION: 



LOCN 



I 2 I 3 I 4 I 3 | 6 [ 7 | 8 9 10 



OPERATION.MQDIFIERS ADDRESS FIELD 



COMMENTS 



l (ji > ..5.gi7,g; J .. c jiX 



J L_l L_l_ 



J I I I LJ L 



H | '3 | 14 | ij |I6|I7|I» |H |2Q|2l|22|23|24|25|2li|Z7|2a|29|30|3l | 32 | 3 3 | 34 | 35 | 36 |3 7 | 39 | 39 | 4 0| 4 > | 4 2 | 43 | 44 | 4 j | 46 | 47 | 48 | 49 | 50 , 



PROBLEM: Given: (B 1 ) = 100, (B 3 ) = 1, (Q) = 777770 



Search a table of 100 values starting at the address specified in 
Index Register 2 in Bank 3 for some value whose highest 15 bits are 
equal to A. If the search is satisfied, continue the program. If not, 
jump to address RECALL. 



SOLUTION: 



LOCN 
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The SEARCH WITHIN LIMITS Instruction 

The SEARCH WITHIN LIMITS instruction is an instruction that searches memory for 
an operand that is greater than the contents of Q, but less than or equal to the contents 
of A. One memory reference results for each storage address searched. 

Before this instruction is executed, three index registers are defined and must be set 
up as follows: . 

1. (B ) - number of storage words to search 

2 

2. (B ) - modifier for address m 

3 2 

3. (B ) - incrementer for (B ) 

The incrementer is set for 1 for searching sequential words, 2 for searching every 
other word, etc. 

The bank term a allows the programmer to search in any bank starting with address M 

2 
where M = m + (B ). 

If the search is satisfied, a full exit is taken. The address of the operand that satisfies 

2 3 

the search will be given by m + (B ) - (B ). 

If the search is not satisfied, program control will transfer to address n with the 
contents of Index Register 1 going to zero. 

If I is specified by the programmer, the address searched is not M. Rather, the lowest 
18 bits at address M become the address searched. 
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Function code- 



Optional modifier — 
Indirect addressing 



S^ 



Jump address if search is 
not satisfied. 

-Optional, base address. 
Zero if omitted. 

■Optional, bank term. 

Current operand bank setting if 
omitted. 

0-7, actual bank. 

$, bank in which base address 
resides. 

*, bank in which SEWL resides. 
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FORMAT- SEWL, I 
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1) (B ) is number of addresses searched 

2 

2) n + (B ) is first word address 

3 

3) Addresses searched in increments of (B ) 

4) Search for (A) > (M) > (Q) 

5) Jump to n if search not satisfied, otherwise full exit. 

Search indirectly 
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PROBLEM: Given: (B 1 ) = 100, (B 2 ) = 0, (B 3 ) = 1 

Search a table of 100 values starting at address FAB in Bank 1 for 
some value greater than Q, but less than or equal to the contents of 
A. If the search is satisfied, continue the program. If not, jump to 
address NOFIND. 

SOLUTION: 



LOCN 
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; i ' i « i= i 'i 7 1 ■ 



OPERATION, MODIFIERS ADDRESS FIELD 
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PROBLEM: Given: (B 1 ) = 100, (B 2 ) = 0, (B 3 ) = 2 

Search a table of 2 00 values by searching only every other value 
(actually 100 values). The first address is MORT in Bank 2. If 
there is some value greater than Q, but less than or equal to A, 
continue the program. If not, jump to address NIL. 

SOLUTION: 
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PROBLEM: Given: (B 1 ) = 10, (B 2 ) = 0, (B 3 ) = 1 



Search a table of 10 values starting at address FETE in the bank 
where FETE resides for some value greater than Q, but less than or 
equal to A. If the search is satisfied, continue the program. If not, 
jump to address TE. 



SOLUTION: 
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PROBLEM: Given: (B 1 ) = 100, (B 3 ) = 1 

Search a table of 100 values starting at the address specified in 
Index Register 2 in Bank 3 for some value greater than Q, but less 
than or equal to A. If the search is satisfied, continue the program. 
If not, jump to address RECALL. 

SOLUTION: 
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The SEARCH MAGNITUDE WITHIN LIMITS Instruction 

The SEARCH MAGNITUDE WITHIN LIMITS instruction is an instruction that searches 
memory for an operand whose magnitude is greater than the contents of Q, but less 
than or equal to the contents of A. One memory reference results for each storage 
address searched. 

Before this instruction is executed, three index registers are defined and must be set 
up as follows: 

1. (B ) - number of storage words to search 

2 

2. (B ) - modifier for address m 

3 2 

3. (B ) - incrementer for (B ) 

The incrementer is set for 1 for searching sequential words, 2 for searching every 
other word, etc. 

The bank term a allows the programmer to search in any bank starting with address M 

2 
where M = m + (B ). 

If the search is satisfied, a full exit is taken. The address of the operand that satisfied 

2 3 

the search will be given by m + (B ) - (B ). 

If the search is not satisfied, program control will transfer to address n with the con- 
tents of Index Register 1 going to zero. 

If I is specified by the programmer, the address searched is not M. Rather, the 
lowest 18 bits at address M become the address searched. 



15-30 



SEARCH MAGNITUDE WITHIN LIMITS 



SMWL 



F 
O 
R 

M 
A 
T 



MACHINE 




i i i i i i 



3 I < I a I « I ' I ■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



JiniVtiLij iIi i i i i^iti) i*iji>ti 



iii- i i i i i i 



°l" I" l'»l'< l'»l'«M^ I"|U|g°H'|M|»H«m|g«|g7|g«|gt|iO|il |H|3>|54|H|M|17|M|J»|«Q|4i |«;m|«<|4i|46|«7|41|4»|5Q 



y Sr^ 



Function code 



Optional modifier — 
Indirect addressing 



L 



-Jump address if search is 
not satisfied. 

-Optional, base address. 
Zero if omitted. 

-Optional, bank term. 

Current operand bank setting if 
omitted. 

0-7, actual bank. 

$, bank in which base address 
resides. 

*, bank in which SMWL resides. 
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1) (B ) is number of addresses searched 

2 

2) m + (B ) is first word address 

3 

3) Addresses searched in increments of (B ) 

4) Search for (A) > |(M)| > (Q) 

5) Jump to n if search not satisfied, otherwise full exit 

Search indirectly 
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PROBLEM: Given: (B 1 ) = 100, (B 2 ) = 0, (B 3 ) = 1 

Search a table of 100 values starting at address TUB in Bank 1 for 
some value whose absolute value is greater than Q, but less than or 
equal to the contents of A. If the search is satisfied, continue the 
program. If not, jump to address SKIP. 

SOLUTION: 



LOCN 
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,1 



PROBLEM: Given: (B 1 ) = 100, {&) = 0, (B d ) = 2 



SOLUTION 



Search a table of 200 values by searching only every other value 
(actually 100 values). The first address is TORT in Bank 2. If 
there is some value whose absolute value is greater than Q, but 
less than or equal to A, continue the program. If not, jump to 
address SIL. 
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PROBLEM: Given: (B 1 ) = 10, (B 2 ) = 0, (B 3 ) = 1 

Search a table of 10 values starting at address KATE in the bank 
where KATE resides for some value whose absolute value is greater 
than Q, but less than or equal to A. If the search is satisfied, con- 
tinue the program. If not, jump to address SIX. 

SOLUTION: 
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PROBLEM: Given: (B 1 ) = 100, (B 3 ) = 1 

Search a table of 100 values starting at the address specified in Index 
Register 2 in Bank 3 for some value whose absolute value is greater 
than Q, but less than or equal to A. If the search is satisfied, con- 
tinue the program. If not, jump to address PUNT. 

SOLUTION: 



LOCN 
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The LOCATE LIST ELEMENT (UPPER) Instruction 

The LOCATE LIST ELEMENT (UPPER) instruction is an instruction that reads from 
memory one element from a list of elements. No processing is done on the element 
with this instruction. This instruction, however, gives the needed information in order 
to process the element with future instructions. 

An element is a word or a group of words usually in sequential order. A list is a set 
of elements. If a programmer's list of elements is in memory, he can call out any 
element of the list with this instruction. The machine does it by referencing the upper 
address portion of the beginning of each element in order to arrive at the next element 
of the list. At the end of the instruction the address of the element he wanted will be in 
the index register specified by y and the bank term will be contained in the operand bank 
setting. With this information he can process the element with future instructions. 

The programmer calls out an element with this instruction by first entering the index 
register specified by b with the n element he wants minus 1; i.e. , if he wants to work 
with the 5th element, he enters the index register with 4 since after 4 iterations in the 
hardware, he will have the address of the 5th element in Index Register v. In Index 
Register y he enters initially the address of the first element. 

With these two specifications (both a must), the hardware iterates until the address of 
his element is in the index register specified by y. 

This instruction is especially important when a list is 200 elements or more. He can 
call the 247th element from the list without having to remember the address each time. 
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Function code- 



I 



-Index Designator. 
Must be pre-set with address 
of first element of list. 

-Index designator 
Must be pre-set with 
nth element minus one. 
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1) (B ) initially nth element -1 

2) (V v ) initial address of first element 

3) (V V ) final address of nth element 
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PROBLEM: Given: (B 1 ) = 35, (B 2 ) = START 

Locate the 36th element of the list starting at address START. 



SOLUTION: 



LOCN 
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PROBLEM: Given: (B 2 ) = 498, (B 3 ) = BEGIN 

Locate the 499th element of the list starting at address BEGIN. 



SOLUTION: 
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PROBLEM: Given: (B ) = 503 

Locate the 504th element of a list starting at the address specified in 
Index Register 5. 



SOLUTION: 
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PROBLEM: Given: (B ) = ENTER 

Locate the nth element minus one (in Index Register 5) starting at 
address ENTER. 



SOLUTION: 
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The LOCATE LIST ELEMENT (LOWER) Instruction 

The LOCATE LIST ELEMENT (LOWER) instruction is an instruction that reads from 
memory one element from a list of elements. No processing is done on the element 
with this instruction. This instruction, however, gives the needed information in order 
to process the element with future instructions. 

An element is a word or a group of words usually in sequential order. A list is a set 
of elements. If a programmer's list of elements is in memory, he can call out any 
element of the list with this instruction. The machine does it by referencing the lower 
address portion of the beginning of each element in order to arrive at the next element 
of the list. At the end of the instruction the address of the element he wanted will be 
in the index register specified by v and the bank term will be contained in the operand 
bank setting. With this information he can process the element with future instructions. 

The programmer calls out an element with this instruction by first entering the index 

th 
register specified by b with the n element he wants minus 1; i.e. , if he wants to work 

with the 5th element, he enters the index register with 4 since after 4 iterations in the 

hardware, he will have the address of the 5th element in index register v. In Index 

Register v he initially enters the address of the first element. 

With these two specifications (both a must), the hard' re n<"-9tes :..dl the address of 
his element is in the index register specified by v. 

This instruction is especially important when a list is 200 elements or more. He can 
call the 247th element from the list without having to remember the address each time. 
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Function code- 



s' 



-Index designator 
Must be pre-set with address 
of first element of list 

Index designator 
Must be pre-set with 
nth element minus one. 



15-39 



LSTL 



D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



l-OCATK LIST KLFMKNT LOWKR 



FORMAT: LHTL 
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Instruction al 
<P) + 1 as Next 
Instruction 



LSTL 



1) (B ) initially nth element -1 

2) (V ) initial address of first element 

3) (V ) final address of nth element 
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PROBLEM: Given: (B 1 ) = 39, (B 2 ) = INIT. 

Locate the 40th element of a list starting at address INIT. 



SOLUTION: 



LOCN 



'i'mi'i'i'i' 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



Lsjl 



1/ i«-i i i 



-l—i 



li,A 



i i i i i i i i i i i i i i i i i i i i i 



1 l"l | g|'3|'«l | 3|> l >l'M' e l | 9|ZO|Z | |gg|g3|g*ia5|e6|Z7|;B|29|3Oj>t|3;:|33|S4|35|36|37|3B|19|«0 | ' 



47I43I44I4S 



««|4T|4«|4»HQ| 



PROBLEM: Given: (B 3 ) = 5003, (B 4 ) = GO. 

Locate the 5004th element of a list starting at address GO. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



LST,L 



I I ' ' i3ij|Ti i i i i i I I 1 I I 1 j 1 I I 



i i i i i i 



i i 

I ' I ' I * I ' I e I ' I » l» I ">l" I" I" I" I "l'« I "I" |U|iO|»i|22|ilH«|8»|g«|tT|;iHt|3°l'' [3Z|33|34|35 l 36|37|3»|39[4Q|4i | 4i | 43| 44 | 4 3 | 4 6 | 4 7 | 49 | 49 | 30 | 



PROBLEM: Given: (B ) = 496 

Locate the 497th element of a list starting at an address specified 
in Index Register 6. 



SOLUTION: 



LOCN 



: ' ' i' " " '' i* 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



L&hLt 



I I I \&\}\*>\ I LJ L_i I I I I I I I I i l I I l l 



J I i I I I LJ 



|'3|>4 | 13 | it ['H"l'9|;0|;i|;z|;]|g4|;>|;6|!r|Z«|;9|)0|3i |3?|3 3|34| 35 | 36 |3 7 [39 | 39| 40|4 | 47 | 4 1 1 4 4 | 4 3 | 46 | 47 | 49 j 49 | SO 



PROBLEM: Given: (B ) = COMMENCE 

Locate the nth element minue one (in Index Register 4) of a list 
starting at address COMMENCE. 



SOLUTION: 



LOCN 



i ' i i i 



I'' 1 ' 1 "" 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



LST.U 



I ' l *- J L I I I L 



|T|. |Q| I I 



J LJ 1 I I I I LJ I I LJ I I I I I I I I I I I l 



'I " I ' ■' I" I" I" l'«l"l"l'» |7n|7i| ,-;|J3 |74|73|?(.|77| ? »| ? 9H,>p l | .7 | ■ ■* [ 3 4|33 |« [3 7 | 39 | 3 9 | 40| 4 [ 47 | 4 3 | 4 4 | 4 3 | 4 6 | 4 7 j 4 I I 4 9 | 30 j 



1 F.-4.1 



The SCAN Instruction 

The SCAN instruction is an instruction that compares "bytes" of memory words with a 
byte in the Q register. The comparisons made are for equality, greater than, less 
than, not equal, less than or equal, and greater than or equal. One and only one of 
these must be specified by the programmer. 

Before the instruction is executed the A register must contain the byte count, i.e. , 
the number of bytes that are to be scanned. Also the index register specified by v 
must contain the off-set designator for the memory word, i.e. , the right-most bit 
position of the byte in memory where the scan is to start. 

Within the instruction Qo must be specified where o is the off-set designator for Q, 
i.e. , the right-most bit position for the byte in Q. 

The modifier Ee represents the byte size, i.e. , the width of the byte scanned. The 
letter e represents the number of bit positions. E6 would represent a 6-bit byte. 

The first address searched is M where M = m + (B ). The scan continues through 
memory until the search is satisfied or until the byte count is exhausted. 

If the search is satisfied, program control transfers to (P) + 2. If the search is not 
satisfied, program control transfers to (P) + 1. 
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SCAN 



SCAN 



F 
O 
R 

M 
A 
T 



MACHINE 




OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Sl CAMyM 



QijiE'ie 



flZ&L 



■&iT, 



.t-.T, 



,M£, 



it-i^i 



^ 



^i 



J\ b \ y \ V 



I I I 



|'b|lM'B|l9|20|2l|ZZ|23|Z4|g5|26|?7|;8|;9|30|il|3Z|33|14(35|36j3r | 3e|S9|40 



I I I 



Function code 



Off-set designator 
for Q 

Byte size 



Modifier — 
EQ, M byte 
GT, M byte 
LT, M byte 
NE , M byte 
LE, M byte 
GE, M byte 



= Q byte 

> Q byte 

< Q byte 
f Q byte 

< Q byte 

> Q byte 



S|«6|47|48|49|SQ 



Index designator. 

Zero if blank 

Must be pre-set with off-set 

designator for memory. 

Index designator. 

Zero if omitted. 

1-6, relative addressing. 

•Optional, base address. 
Zero if omitted. 
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SCAN 



FOKMAT: SCAV Q.. !>. C^.G I , 

Gi:,Li. 



F 
L 
O 

w 
c 

H 
A 
R 

T 



SptH-ifipri '■ > [ Kprrified'' 



M Bvtp ^ Q By' 



VI Bvie >Q Bvt 



M Byt,-< Q RyN- 'j- 




SCAN 



D 

E 

S 

C 

R 

I 

P 

T 

I 

O 

N 



1) Scan bytes of memory in succession until, 

a. m byte = Q byte 

b. m byte j- Q byte 

c. m byte > Q byte 

d. m byte < Q byte 

e. m byte > Q byte 

f. m byte < Q byte 

2) Full exit if scan not satisfied 
Skip exit if scan satisfied 
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E 
X 

A 
M 
P 
L 

E 
S 



I SCAN 



PROBLEM: Given: (A) = 16, (B 1 ) = 0, (B 2 ) = 42, (Q) = 33 octal 



Scan a set of 16 6-bit characters starting at address KIT for being 
equal to 33 octal. 



SOLUTION: 



LOCN 



i' i ' i* i' I s t i» 



OPERATION. MODIFIERS ADDRESS FIELD 



COMMENTS 



.SiCi/M ?l Q l P l ., l g|£i ; , l g l Qi i^JiTliI,;,^, 



I I I I I 



' | " | " | '< | " | '«| " | " l " l '° l"l»l" l » l »|2«l"|;.|»| a o | li| K |3a|„|3,| 3 .|i 7 |„ |>9|<1 , | . |»; l . 3 |44|. i | < 6|«7|4 



PROBLEM: Given: (A) = 50, (B 1 ) = 0, (B 2 ) = 24, (Q) = 04563 octal 

Scan a set of 50 24-bit quantities starting at address KOKO for 
something less than or equal to 4563 octal. 



SOLUTION: 



LOCN 



.1 i i i i i i 



'I'l'i'i'i'n 



OPERATION, MODIFIERS AODRESS FIELD 



COMMENTS 



SifiM, Mi^Ma^Ii d CiM&+ uL±j& 



ii i 



' I " I" I'M" I" l"l lf I" I" l">|2'|2Z|g»|24|Z»|g6|g7|Z.|29|5Q|»i | 32 | 3 3 | H| 35 | 3« ,3 7 | 311 | 19 | 40; 4 4; I 4 ) | . 4 , 4 5 ; ■ 



PROBLEM: Given: (A) = 1000, (B 1 ) - 0, (B 2 ) = 24, (Q) = 12345 

Scan a set of 1000 24-bit quantities starting at address PORT for 
something greater than or equal to 12345. 



SOLUTION: 



LOCN 



I' I » l« l» l« I' I I 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



$£AM, vQ:Q>, £J.,4,j .fig, PJsRT, . ,1, j ,3. 



'" ' " l " l " l ' < l" l " l " l "l"l'°l"l"l»H«|4»|g.|47 l 2.|4 9 HO|3,| J ;| Jj H < |3 !> | M H,| M | 19| ,„| < . 4I |4 31 44|4,,. S ,47,48. 4„,Q 

PROBLEM: Given: (A) = 32, (B 1 ) = 0, (B 2 ) = 42, (Q) = XX0 

Scan a set of 32 6-bit characters starting at address SORT for some 
character less than XX. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



$£M^ iQJ,Z : >£•>&,, lt, ^ifir,.,!,.^ 



i i i i i i i i i i i i i i i i i i 



- ' ' ' * I ' I 6 I ' I * I » I '" ; I" I" I" I '6 | 17 pa |U|2Q|2i|22|;i| 



74 |g3|76 | ?7|ge|29|3O|3l|3?|33|34|35|3ft|37;3a|39[40;4|47 | 4i[44|4!i!46|47|48^9|30 
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NEW CONCEPTS OF GROUP 15 

The search instructions search a table of one or more memory words to find a word 
that satisfies a given condition. If a word is found, the search terminates and an exit 
is taken. The programmer can then determine what address satisfied the search. If 
a word is not found, the search terminates and a different exit is taken. The program- 
mer can then record that the search was not satisfied. 
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Problem 15: 

Assume a random set of 1000 floating point operands ranging from -100 to + 100 resides 
in memory starting at address TESTCASE. Write a subprogram that will store all 
values between -. 05 and + . 05 in a table starting at address TOLRANCE. Assume less 
than 10 of these. 



Flowchart: 




Problem 15 could be solved by coding in the following manner: 



LOCATION 



W£JUk£. 






msiM 



3PERAH0H.M00IFIERS 



ADDRESS FIELD 



COMMENTS 









e ss, 



QJ1L 



~£ik&xJL 






t^<2-£xi4£l 



£111- 



n^ 



&LL. 



\la to?!,. ^^, 



\jj6Lujk£-24i*&£&- 






te^- 



CjHf-L. 



.-_-M 



^^MjUikB^ -.. 

AxIMLLI-dU-^ . -^ -. 



X0(JsL 



.L&UGgJjJSlL 



. S£ud*^^At£Sl£-&£*R&£sU& -4 - 



SjOLll. 



s_32L_ ,J0A&SM£^^ 



£v4l^ 



JM- 



_£/&££_. 



, ^AziJ&BLeSLj&EiJkAlii- 



8XZL 



1^ 



iM-_ 



x ^ - ifiitftfL^azzaL . 



s^jL_. fe^eci/^ 
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Somewhere within this subprogram would also be included the symbol TESTCASE in the 
location field with a declaration of the prestored data or area reserved. 

Student Problem 15A: 



A list of 1000 integer operands ranging from 1 - 100 reside in memory starting at 
address PE0PLE. Write a subprogram that will count the number of integers between 
18 and 35. Store this count at address DRAFTABL. 

Flowchart: 



Problem 15A could be solved by coding in the following manner: 



LOCATION 


DPERATION.MOOIFIERS ADDRESS FIELD COMMENTS 




i i 




i i 


| : ; . j : 


i i 

' • ■ ■ J i .1 '___ _i _l : , i i i i i , : . . 1 | j | j | i | | 


i I ' ■ • : . 


1 1 




1 1 




1 I 


^ _±_^, , t 


1 1 

. J. .._l_l_j._i._j_ j_l_. _ _....._.... .__, ■ ..._...: _ ,..._ , . L, _ _ _i : _ i _ l i ■ i. ' '• ■ . J . 


- ■ ' : ..J — L.-L... ! . 


... ! il '...| ... I - L_... i J...I. !...._.... i_ j i ■ j_: ■ , !_■ -JL ' i_i j_i i i i j_ . 


; . ^ . . l ( 


1 1 




« 1 

___■ J-i ■..__. J_l_. ... 1. .... 1 |_ J : , 




1 1 " ' 

- '...I J _____ ..'..!_.... 1 ■ _ ....'J. , . _J ■ • ' , : , ,-,,■,!■■■ 


J ! . , ' : 1 


1 1 ""* -_-_-_- - 


i 1 i 1 ' 


1 ' 




1 1 


,,,,,.: 


i 1 


i : 1 1 1 


1 1 _ ' ~ 

. .1 1 < ■ i i i 1 i 1 1 1 1 1 ■ .J ...1 .,.. .. . ., ___.._._____ | ..:■__. J . ■■!___.■. .____. ■__...-., 





1 1 -"- 

. ....... ._1_1_. i_l_ i ..._....____..__..., i. .__.__ ___.. . L:___J_____... , . ..._ _., ._. ,_j ■_____.___..,_ 








-- ■ ..J 1. ' .' .1 i _..:__ ____..,_..■ _J U ,_ . . 




1 1 


._____, 


.-_---..,.-_.-..-[ _ . _ _~ i .._z_iri_ 



15-49 



GROUP 16 
STORAGE TEST 



GROUP 16 
STORAGE TEST 



1. Storage Skip SSK 

2. Storage Shift SSH 



This group of instructions checks the contents of a storage address for being positive 
or negative. If positive (false, no), a half exit is taken. If negative (true, yes), a full 
exit is taken. Because of this principle, these two instructions are upper instructions, 
and the computer assembler will force them to the upper position. Therefore the pro- 
grammer should not modify these instructions with modifiers, bank terms, or second 
index designators since this overrides the assembler and makes the use of these in- 
structions ineffective. 

The second instruction is just like the first; however, the contents of the storage ad- 
dress are left shifted by one after the check. 
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The STORAGE SKIP Instruction 

The STORAGE SKIP instruction is an instruction that checks the contents of a storage 
address for a negative quantity. This storage address is composed of a modified base 
address M where M = m + (B ). One memory reference is made. 

If the contents of the storage address are negative, a full exit is taken. If the contents 
are positive, a half exit is taken. The instruction leaves the contents of the storage 
address unchanged. 



If, -2 



STORAGE SKIP 



SSK 



F 
O 
R 

M 
A 
T 



47 



23 



MACHINE 



3 . 6 . b ■ ■ . m . I ■ 



This instruction 
should not be 
used as a lower 
instruction. 



COMPASS 



\ 



HS 



10CN 



i i i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



ssx 



I I I I I I 



i>n\, \bt 



COMMENTS 



_L_i I I I I I I I ! I 1_J 



'lit 



I z I ; | « | ; | 6 | t ,1 [9 | io | ii liaiiJi.^iSiigiiri.aii^i^oig.iggiziig^jgsjas^fi^aizg^oiJiiJglJBia^^siieiJTiJBiJaitc.!* | « ; |ii|44 j «5|4«| «? -» | ■« g , s o i 



Function code 



SH 



Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

■Optional, base address. 
Zero if omitted. 
*, current program address. 
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SSK 



D 

E 

S 

c 

R 
1 
P 

T 
I 
O 

N 



STORAGE SKIP* 



FORMAT: SSK 



M = m + (B ) 



F 

L 
O 

W 

c 

H 
A 
R 
T 




Yes 



Use Lower 
Instruction At 

(P) As Next 
Instruction 




U se Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



*Forced upper by the assembler 



SSK 



Half exit if (M) > 0, otherwise full exit 
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SSK 



PROBLEM: 



E 
X 
A 
M 
P 
L 
E 
S 



Check the contents of address ANS. If negative, full exit. If 
positive, half exit. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADORESS FIELD COMMENTS 


1 ! 1 1 1 i 1 




SSlfCt 1 I ! I 1 1 iHlNlSl 1 1 I 1 1 1 1 1 1 1 ! 1 1 1 1 1 ! 1 I ! 1 


. I 2 | 3 | 4 | 5 | 6 | 7 [ B 


9 


1 1 

l0|M|l2ll3|l4|l5[t6|l7|lB|l9'|20|2l|22|23|24|25|26|27|28|29|30|3>|32|33|34j35|36|37|38|39|40|4i|42|43|44|45|46|47|4B|49|3O| 



PROBLEM: 



Check the contents of address BEATLE modified by Index Register 4. 
If negative, full exit. If positive, half exit. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 


i i i i i i i 




SSK £?iCi/Vi/iZ-ici jiTi i i i i i i i i i i i i i i i i i i 


|2|3|4|S|6|7|8 


9 


i i 

(Q|ll|l2|l3jlH|l5|i6|IT|ie[l9|Z0|2l|!2|Z3|24|25|26|?7|2e|29j3O|3lt32|33]34|35|56|i7|SB|3B|40|4(|42j43|44j45|*6t47|4B|49|.5O| 



PROBLEM: 



Check the contents of the address specified in Index Register 5. If 
negative, full exit. If positive, half exit. 



SOLUTION: 



LOCN 




OPERATION.MODIFIERS ADDRESS FIELD COMMENTS 







JlSlAl 1 1 1 1 1 1 \j \5\ | | | | | | | | I | | i | l ! | | | ! i l | | ! | i | || 


. | ! | 3 | 4 | 5 | S | 7 | 8 


9 


1 1 

>0|N|l2|lJjl4|l5|F«|l7|IB|l9|20|2l|22|23|24|aS|26|27|2e|29|30|3l|32|33|3 4(35|3«|37|3B|39|40!4i|42|43|44|43|46|47|4e|49|50| 



PROBLEM: 



Check the contents of address SLINK in the bank where the SSK 
resides. If negative, full exit. If positive, half exit. 



SOLUTION: 



LOCN 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i i i 



SAA 



i i i i i i i iii 



(#\)Mtf \ K 



J I I I I I 1 1_J I L_J I I I I 



' ; " I 4 " ' 6 " " 



I 

lQili|l2|i3|i4|l5|l6|l7|IB|l9|20|2l[22|;3|24|23|26|27|28|29|3Q|3ll32|33|34|35|36|37|3e|39140|4'|42|41|44|45|48|47|48!49|30| 



The STORAGE SHIFT Instruction 

The STORAGE SHIFT instruction is an instruction that checks the contents of a storage 
address for a negative quantity. This storage address is composed of a modified base 
address M where M = m + (B ). One memory reference is made. 

If the contents of the storage address are negative, a full exit is taken. If the contents 
are positive, a half exit is taken. In either case, the contents of the storage address 
are left- shifted one binary position, end around. 
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STORAGE SHIFT 



SSH 



F 
O 
R 

M 
A 
T 



MACHINE 



47 

3 i 7 i b i i ,m 



This instruction 
should not be 
used as a lower 
instruction. 



COMPASS 



\ 



23 



LOCN 



j 



I'l'I'I'i'l'H 



OPERATION, MODIFIERS ADDRESS FIELD 



3£,H; 



l 7 "!?!^! I I I I I I I I I 



COMMENTS 



J 1 I L_L 



11 l"l"r«l'»l'«l 



, ' 1 " I " I '° I " I » I " I»I» I »I"|M|»H°H'I»I»H«I»|MH>H.H9|«0|4 i.,!.!!.,,.,,..!,,,,.,.,,,,,, 



Function code 



-Optional, first index designator. 
Zero or omitted, use no index. 
1-6, use relative addressing. 
7, use indirect addressing. 

Optional, base address. 

Zero if omitted. 

*, current program address. 



' I 



16-7 



SSH 



D 

E 

S 

c 

R 
I 
P 

T 
I 
O 

N 



STORAGE SHIFT* 



FORMAT: SSH 



m, b 



M = m + (B ) 



F 
L 
O 
W 

c 

H 

A 
R 

T 




Use Lower 
Instruction At 
(P) As Next 

Instruction 



Left Shift 
(M) By 1 




Use Upper 
Instruction At 
(P) + 1 As Next 
Instruction 



*Forced upper by the assembler 



SSH 



1) Half exit if (M) > 0, otherwise full exit 

2) In either case left shift (M) by one 
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E 
X 
A 
M 
P 
L 
E 
S 



SSH 



PROBLEM: 



Examine the contents of address SWITCH. If negative, full exit. 
If positive, half exit. In either case, shift the contents. 



SOLUTION: 



10CN 



j i i i i 



' ; ' s '• '» ' 6 '' '■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



y.s,//, 



iSMIiTCJI, 



-I — I — i — i — LJ — : l i i i l i i i i i i ; i i i 



I 

"'" l i; l ,i i !4 l"l'«l l 'l'B|l*|20| ; i|Z;|Il|24| g i|;6|?^8|3»|30 | 3. | 3?|)I|I«|15| i 6|37|»[||I9|.,0|,., |4z |4 3| «« , « a|<6 | <7 | «, , «,, , 



«7|4»I49 | 5Q | 



PROBLEM: 



Examine the contents of address SWITCH modified by Index Registers 
2 and 3. If negative, full exit. If positive, half exit. In either case, 
shift the contents. 



SOLUTION: 



LOCN 



.i.i.ii 



I * ; 3 1 4 i > 1 1 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



ecu ' 

~ , l J l n i I I 



SMLTCM, J,,,3, 



J l__l_ 



I I 

O i ii I 12 |'3|H j'»|i«|ir|"|UH0|e'|»l»H»ia»|Z«|g'|Z»m>,3C|l. |3;ji; i 34 j ».|6,37;M:3»i40j4 j 42 | 4 3| 44 | 4 5 ; 4 t | 4 7 | 4» j 4 9 , ;q , 



PROBLEM: 



Examine the contents of the address specified in Index Register 4. 
If negative, full exit. If positive, half exit. In either case, shift 
the contents of the address. 



SOLUTION: 



LOCN 



i* > ''- ' 5 j 6 i ' i ■ i> 



OPERATION.MODIFIERS AOORESS FIELD 



COMMENTS 



SSM, 



i i iyvi ' 



i ' ' ' ' i ; i ' • 



10 | ■! I 12 I 13 j K I 15 |it|l7|H l IS l 20|2, l 22|;i l ;.|2 > |2 



6l27|2a|29|30|li i 32j33;34l35j36,3-;38i39i4C j 4 ]42 I43|44|45|46|47|46 ■ 49,50 



PROBLEM: 



Examine the contents of address PEACH in the bank where PEACH 
resides. If negative, full exit. If positive, half exit. In either 
case, shift left by 1 the contents of the address. 



SOLUTION: 



LOCN 



-i—i — i i j i i 



'' ' "' " >' " " 



OPERATION.MODIFIERS ADDRESS FIELD 



COMMENTS 



SSJL 



Ifl 1 1 I 1 I 1 I 



(flijlPEl /frl-lfl ; 



I 

'0 j ' ! | ■ Z j '3 | I ■* | 15 |H.|^;ia [19 )20|.>. |? Z|23|24|;:»|?6| !'j2*[ ZagiOp- |» ]3 



■* ; 58 i J3 I *Ci « ,42 j 



45:-l€|«7j48 «?'! 



lb-y 



NEW CONCEPTS OF GROUP 16 

No new concepts are presented here except that the programmer can use these instruc- 
tions to branch to different points in his program. The second instruction automatically 
changes the transfer point at the discretion of the programmer. 
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Problem 16: 

Generate starting at address NUM the first 1000 positive integers that are not divisible 
by 2 or 3. 

Flowchart: 




Enter A 
With 1 



© 



_^l Switch Even 1 '' 



<D 



-0 



O- 



Store Number 
At NUM 



0- 



Increase (A) 
By 4 



Store Number 
At NUM 



Increase (A) 
By 2 



, 1000 Numbers Wes _ ^ 
-*[ Checked? I >C Exit 








■' Switch Starts Out Even 
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Problem 16 could be solved by coding in the following manner: 



LOCATION 


0PERATION,MODIFIERS ADDRESS FIELD COMMENTS 




i i 




^fcT/t/T. : , : <&£t/&RATk ! ,,,,,, , .....,„, , ,_,_,_,. .._ i L , L ,..., 




^T/t/77ZLV« . = . s he/i/stA r.e , , ! , , , , 


ifuM , , , . 


&SS &OPA , 1 , , , 


SiA/LTcH , 


fc77 i?S%£a&&iJAX,fa£ ::,! , 


^£jJerat£' 


fiss Yl ! 




£,Htf h.yl 1 , , 




MA , .: _Jl ^ ^ ^^ .^ -.. ■ , .1 -^. ^. . , .. , , . , ...■■, . ^.,_ 


^KsMfal^ 


^ kurircH ! .,,.,,. . 




ja£. .„ ...,_, ter^ ,.: J _,_ 1 _, ..^ ,..^. .. ..L,...^..^, , ^. . , , ... , ... ,,..... .^ 




MSA ■ ^ ^, - M^.- ^ L ...... , ,^j . ilJJ .. . . ^ . .. _. ^.^^^ . ^ 




_Sa... . ... ,^ Jt/W±A , : ,^ • ^ ,... ... .. .^^u., . ... , ,^....,, .:. ._,_. , ',.,., , .,._.... 




:4ffiij_. ..J ..! _K....i J_l_ • _J_I_L_1_1_.1_1 ._L_i i. i .. i _i__i__I_ > J_L_L_1_1_]. 1_l. _l_J_L_l_l_.l_l_U_l_l_l_l_J_.i i ...... 


UdlL.^ 


r^^^i-Jgssu/ _■ ^ ..1 . ._.,_.- .^l. .. ^ .■■•.._!. ^, ^. 




SAJT, ■ , , , Lfif.dlf, M , M , , , , , i ,_JL_L II 1 : i : i i ,,,,,,,,,,,,,,,,, : 




s^j: ,,,,,, br-an^^/tT, , ,,,,,!,,,.,,, , , , , , , , , 


ST 


sfA ,,,,,, !a/<vi 7 4, , , , , , ,,,:,!,,, 




? ,LX fcKCMT ! 


i r , i i ■ , 


t'jjP, ! ; ! . . 



Student Problem 16A: 



Generate starting at address NUM a table of integers with the following pattern: 



1, -2, 5, -7, 9, -12, 13, 
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Flowchart: 



Problem 16A would be solved by coding in the following manner: 



LOCATION 


OPERATWLMODIFIERS ADDRESS FIELD 




COMMENTS 








,,.,., .„* „,„.„ .,. .... „.- ........ .,.„■.«....., 














1 , . . 


, , , , Lu ^ , , 








._J.i_._L_..; .. ■ ■ = L_-_-i.J_.l !._-....< .___!__.__.. .i_L '..'...= ■ 
























. ! ■ 


iJ ■ , 






























. i j 




: j ] , . , 














—J — 1 — 1 1 : ' i - 
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GROUP 17 
VARIABLE DATA FIELD TRANSMISSION 



GROUP 17 
VARIABLE DATA FIELD TRANSMISSION 



1. Load Byte LBYT 

2. Store Byte SBYT 



This group of instructions transmits a byte of a word either from memory to an opera- 
tional register (A or Q), or from an operational register to memory. One memory 
reference is required. The byte size is variable as well as its position in the word. 

If no indexing is specified, a full exit is taken after the transmission. If indexing is 
specified, the type of exit is determined by the amount of storage word left. If 
sufficient room is left for another byte, a skip exit is taken. If insufficient room is 
left, a full exit is taken whereupon the programmer has the opportunity to change the 
relative index counter and restore the memory off- set designator for the next word. 
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The LOAD BYTE Instruction 

The LOAD BYTE instruction is an instruction that transmits a "byte" of a memory word 
from an 18-bit storage address to the A or Q register, whichever is specified. One 
memory reference is made. 

The 18-bit address is composed of the operand bank setting and IV! where M = m + (B ). 
The operation leaves the contents of the storage address unchanged. The byte portion 
of the memory word replaces the byte portion of the specified register. 

The modifier Ao or Qo, one of which must be specified, represents the destination 
register. The o following it is the off-set designator for the register, i. e. , the right- 
most bit position of the byte in the register. For example, if the upper half of the A 
register is to be filled, the specification would be A24. The letter o ranges from to 
47. 

The modifier Ee represents the byte size, i. e. , the width of the byte transferred. The 
letter e represents the number of bit positions. For example, a byte size of 24 would 
be specified as E24. The letter e ranges from 1 to 48. 

The contents of the index register specified by y_ represent the off-set designator for the 
memory word, i. e. , the right-most bit position of the byte in the memory word. For 
example, if the byte is to come from the lower half of a memory word, the contents of 
the index register v would be zero. 

If the programmer specifies CL, the destination will be cleared before the byte is 
inserted. In this instruction it would be either A or Q. 

If the programmer specifies LI or RI, automatic indexing takes place with respect to 
the off-set designator for the memory word. This is used to unpack bytes in memory. 

A full exit is taken if LI or RI is not specified. If either is specified, a full exit is taken 
when the off-set designator finishes with a memory word, and a skip exit, (P) + 2, is 
taken when a memory word is not finished. 
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F 
O 
R 

M 
A 
T 



LOAD BYTE 



LBYT 



MACHINE 




i i i i i i 



J LJ I L 



OPERATION.MODIFIERS ADDRESS FIELD 



LiB,YiT,jtA,o,jiEit 



i i i 



iSigj i i 



jii.iIi ? iC iLi i»ijiAiji^i 



i i i i i i i i 



jfiil 



i i i i i i i i i i i i i i i i i i 



gt?|^l|gZ|Zl|g4|;5|g«|?7|;«|?9|10|3<|i?|3>|i«|>i|i«]17|3a|3»|<0 



I I I I I I I 



I I I I I I I I I I 



Function code 



Off- set designator - 
for A or Q 



Byte size 



Optional, indexing 
left or right 



Optional, clear — 
destination before 
transmission. 



|«g|«3|«4|«ii46|47|48|«9|50| 



-Optional, second index 
designator. 

Holds off- set designator 
for memory. 

Zero if omitted. 

Optional, first index desig- 
nator. 

Zero or omitted, use no index 

1-6, use relative addressing 

Optional, base address. 
Zero if omitted. 
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LBYT 1 



LOAD BYTF 



F 
L 
O 

w 
c 

H 

A 
R 
T 






No 


\Yes 






RI 
Specified 
















* 












H 


Use Upper 
Instruction at 
<P) + 1 as Next 
Inst rue Hon 


















Indexing 
Specified? 


' LI 


„)= 




<V V 


+ e - V V 


M } M Anolhfi' Hvte 

V 7 \ at MV 








No 












































Use Upper 
Instruction at 
<P) +■ 2 as Next 
Instruction 








(V v 


- e - V v 



































LBYT 



1) Transmit m byte rt AorQ 

2) Contents of M remain unchanged 



D 

E 
S 
C 
R 
I 

P 
T 
I 

O 
N 
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E 
X 

A 
M 
P 
L 

E 
S 



| LBYT 



PROBLEM: Given: (B ) = 42 



Load the highest 6 bits from address SMOKEY into the lowest portion 
of A clearing the rest of A. 



SOLUTION: 



LOCN 



i i i i 



: i » i - 1 = i« 1 ' i « 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



L B.YT ydo 3 .£16. j CL, iSifli^Ariff.Yij , y &> 



I I I I — I — I I I LJ I I 



I I 

2 | 13 |'4 ]il | it | 17 | IB |H|ZO|;i|Zg|;3|;«|ia|;« | Z7|;i|;9 | iQ|ii |32|33|34| 35 |36 |3 7 |38 |39|40|4. |42|43|44[43|4t|47|4||4»HQ 



PROBLEM: Given: (B ) = 24 



Load the upper address portion of the memory word at address SOAK 
into the lower address portion of the Q register without clearing the 
rest of Q. 



SOLUTION: 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 

, 


COMMENTS 









LS\Y\T\j ifli0ij iC|Xpi \S\f\#\K\^\}\X* ii i iii 


I | 2 | 1 | 4 | S | S | 7 | e 


a 


! 

10 1" |'2|l3[H|'S|'6|l7|H|,9|20|2l|22|23|24|2S|26|27|28|29|30|3l|32|33|3 


i 

| 35 |3« ,37 138 139 1401 4, | 4 2 | 43 | 44 | 4 5 ! 46 | « 7 


|48 J 49|50| 



PROBLEM: 



Load the right- most BCD character at address POKE modified by 
Index Register 3 into the lowest portion of A without clearing the 
rest of A. 



SOLUTION: 



LOCN 



i i 



i ' i » i « i= i ' i t i > 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i ' 



-I — I — 1—1 — L_l — III I I LJ I i 



" I " I" I" ! 1 " I" I't I '7 | IB | l» | 20 | 21 | 22 | 23 | 24| 23 | 26 ! 27 | 2 « | 29| 30| 31 | 32 | 3 3 | 3 4| 35 | 36 | 3 7 | 3B | 39 | 40; 4 [ 42 | 4 3 | 4 4 | 4 5 | 46 | 47 | 48 | 49 | 50 ; 



PROBLEM: Given: (B ) = 42 



Load the highest BCD character at address BUTT modified by Index 
Register 1 into the bottom part of A clearing the rest of A. Specify 
right indexing. 



SOLUTION: 



LOCN 



i 2 ' ' i* " i« i 7 1 ■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



L\B\YiTi 9 Jt0 IJI lT l &,j ^RS\yC\L\ iffifiTiT.jiii.^ 



J I I l_l I I I LJ I I L_l L_J_ 



l"l | 2|' i l i4 l'5|l6|l7|l8|l9|2O|2l|22|23|24|25|26|27|2g|29|3O|3l|32|33|34|35|36|37|3B|39|4O|4i|42|4i|44|43|46|47|49|49|50| 
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The STORE BYTE Instruction 

The STORE BYTE instruction is an instruction that transmits a "byte" of the A or Q 
register, whichever is specified, to a memory word at an 18-bit storage address. One 
memory reference is made. 

The 18-bit address is composed of the operand bank setting and M where M = m + (B ). 
The operation leaves the contents of the register unchanged. The byte portion of the 
register replaces the byte portion of the memory word. 

The modifier Ao or Qo, one of which must be specified, represents the source register. 
The o following it is the off-set designator for the register, i. e. , the right-most bit 
position of the byte in the register. For example, if the upper half of the A register is 
the source byte, the specification would be A24. The letter o_ ranges from to 47. 

The modifier Ee represents the byte size, i.e. , the width of the byte transferred. The 
letter e represents the number of bit positions. For example, a byte size of 24 would 
be specified as E24. The letter e_ ranges from 1 to 48. 

The contents of the index register specified by v_ represent the off-set designator for 
the memory word, i.e. , the right-most bit position of the byte in the memory word. 
For example, if the byte is to be transferred to the lower half of a memory word, 
the contents of the index register v would be zero. 

If the programmer specifies CL, the destination will be cleared before the byte is 
inserted. In this instruction it would be the memory word. 

If the programmer specifies LI or RI, automatic indexing takes place with respect to 
the off-set designator for the memory word. This is used to pack bytes in memory. 

A full exit is taken if LI or RI is not specified. If either is specified, a full exit is 
taken when the off-set designator finishes with a memory word, and a skip exit, (P) + 2 
is taken when a memory word is not finished. 
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STORE BYTE 



SBYT 



F 
O 
R 

M 
A 
T 



MACHINE 




' i ' i i 



i i i 



I 5 I e | ; I a 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S\BX\T\ 3 iAiqi* i£~ie 



I . I i IWlOl I 1 



fllOl 



ji^IijiGLi iMijit^ij ii/ i i i i 



i i i i i i i 



i i i i i 



i i i_j iiii 



| .i | " | '3 | '« | " i '«|"|"l"l"l"l"l»l'«l»l'«|g'i a »|e«UO|li|3;|»|14|i5|« | )7|HH, | .0|, ,.; |<3| „ |«5|. 6 !«,;.. , . , , ; „ , 



Function code 



Off-set designator 
for A or Q 



Byte size 



Optional, indexing 
left or right 



Optional, clear — 
destination before 
transmission 



— Optional, second index 
designator. 

Holds off-set designator 
for memory. 

Zero if omitted. 



•Optional, first index 
designator. 

Zero or omitted, use no 
index. 

1-6, use relative addressing. 

Optional, base address. 
Zero if omitted. 
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SBYT 



STORE BYTE 



F 
L 
O 
W 

c 

H 
A 
R 
T 




M = m t <B°) 



upper 
Instruction at 
(P) * 1 aK Next 
Instruction 




Use Upper 
Instruction at 
(P) + 2 as Next 
Instruction 



SBYT 



1 ) Transmit A or Q byte -*■ M 

2) Contents of A or Q remain unchanged 



D 

E 

S 

c 

R 
I 
P 
T 
I 

O 
N 
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LL 



1 SBYT 



PROBLEM: Given: (B ) = 42 



Store the lowest BCD character from A in the highest portion of the 
word at address SLINKY leaving the rest of the memory word un- 
touched. 



SOLUTION: 



LOCN 



i i i 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SjMJI^Mi^EiL ,S±lA/,K,Y>j iy *, i 



I I I I I I I I I I I I I I I I I I I I 



' ' I ' I " I ' ' ' I ' I ' ' 9 l'° 'l"l' , l"l lt l l, l"l"H"l"'"l"l"l»l» l"|8IH»HOH'|3 2 H»|3 < |I 5 H6|lT|M|3» l< on l|< i|„|. 4 |„| 4 .| tT | 4< | tt | 5 



|3»|4Q|4 |4Z| 4 3| 44 | 4 5| 46 | 4 7| 4 .| 4 »|iQ | 



PROBLEM: 



Store the upper address portion of Q in the lower address portion of 
the word at an address specified in Index Register 3 clearing the rest 
of the memory word. 



SOLUTION: 



LOCN 



J I I L_l_ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Sff l YT,jfe,st l H IJ J l i,s: J ,e,L, ,,.3, 



i i i i i i i i i i i i i i i i i 



' I ' I * I ' I 6 I ' U I 9 112111 I " 1" I'* I" I "I "I" |H|20|ii|i2|g3|;«ia! 



5|;6|;T|;e| 29|3Q|3l |3;|3 3|3 4 |3S|36|3 7|ie|39|40| 4l | 4 ;| 4 i| 44| .5| 4 6| 47|4 ,| 49| , 



PROBLEM: Given: (B ) = 24 



Store the lower address portion of Q in the upper address portion of 
the word at address SULKY without clearing the rest of the memory 
word. Specify right indexing. 



SOLUTION: 



LOCN 



l»|3|4U|«l'l» 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



S&Xlu ■<,*,_. ,f,z .fTj ATi AULXKy, A 



i i i i i 



i ' ' i i i ' 



i i 

I | " | l> l' 4 l l »l l «l"l"l'»|gO|"|gi|Z3|i«|8»|lt|eT|;i |;»uo|i. |32|33|34|»i|36|3f|3.|39|40|4r . , | ,3| 44 | 4 5 | 4 6 | 4 7 | 4. | 4; , ,Q , 



PROBLEM: Given: (B ) = 



Store the lower address portion of Q in the lower address portion of 
the word at address SLIP modified by Index Register 2 without 
clearing the rest of the memory word. Specify left indexing. 



SOLUTION: 



LOCN 



' 



' ; > "• " '« ' 7 1 » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



SiftyVTiji/SM,,. ifl.LgTj.Ui StLJ^ g.j iV, 



J I I I I 



^lL-L:'l l3 l l, l"l"ll.'l "l l »l=°|2'l »mi ?«|i3|g«l>7|il|;»uiiili | 3 ?|3 , | ; 4 |H|36 l 37|3» | 3» [ 40| 4 . ; 4 ; , 4 ; ; . 4 , 4 5 ; . B | 4 7 | 4. | 49 ; ; J , 



1 7-Q 



NEW CONCEPTS OF GROUP 17 

The principle of the LBYT and SBYT instructions should offer no more of a problem 
than the LDA and STA instructions. The BYTE instructions transmit one byte from 
memory to a register or from a register to memory, and exits. The only problem 
is the setting up of the instruction so that it does what the programmer wants it to do. 

Since a portion of a word can be transmitted, there are several definitions which one 
must know. These apply to both instructions. 

1. Index designator v where (V v ) represents the off-set designator i. e. , 
the rightmost bit position of the byte of the memory word. 

2. Ee where e represents the width of the byte (number of bits). 

3. Ao or Qo where o represents the off-set designator for the A or Q 
register i. e. , the rightmost bit position of the byte in A or Q (one of 
them must be specified). 

With this information let's present a case, and then show the instruction (s) needed. 

Suppose we wish to transmit the upper address portion of a memory word (address M) 
to the lower address portion of A. What is the instruction (s) needed? 



(A) 



(M) = 



47 


38 




23 14 











1 

LBYT 


\ 


47 


38 


23 14 







XXXXX 


I 



The LBYT instruction is needed here and the instruction set looks like the following: 

ENI 24, 1 

LBYT, A0.E15 M, , 1 
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The byte is inserted into the lower portion of A and the rest of A remains unchanged. 
If the programmer would like the rest of A cleared, he can specify CL in the operation 
field. CL will clear the destination word as the byte is transferring. After the LBYT, 
a full exit is taken to the next instruction. 

How would you transmit the byte in the reverse direction? The only change would be 
SBYT instead of LBYT. 

Now what about LEFT INDEX and RIGHT INDEXING? If LI or RI is specified, the 
memory off- set designator becomes a movable pointer and is automatically checked 
every time the instruction is executed. A general flowchart will help clear up this 
concept. One instruction will check all of the following: 



Instruction Ready 
To Be Executed 



Transmit 
Specified Byte 



Move Memory 

Pointer 

To The Left 



.Yes, LI/ 



Indexing 
Specified? 



lYes.RL, 



Enough Room L 

For Another p 

Possible Byte / 



Move Memory 

Pointer 

To The Right 



Normal Exit 
(P)+ 1 



Enough Room 
For Another 
Possible Byte? 



Yes 



Skip Exit 
(P>+ 2 



Yes 



Everything in the flowchart is checked for in the hardware. The reason for normal 
exiting or skip exiting when indexing is specified, is that the normal exit allows the 
programmer to re-establish the memory pointer (W) and to advance or decrement the 
relative address counter (B ) before going on with the program. 
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Problem 17: 

Assume a card image is in memory starting at address CARD. The card is in internal 
BCD and takes up 10 memory locations. Assume a set of parameters on the card, each 
1-8 characters, each separated by a comma, and the set terminated by a period. Write 
a subprogram that will store each parameter, right justified with zero fill starting at 
address PARAM. Ignore blanks and assume less than 20 parameters. The internal 
BCD code for a blank is 60B, a comma is 73B, and a period is 33B. 

Flowchart: 




Scan First 
Or Next 
Character 



Hold 

Character 
Right 
Justified 



\Yes 



Store Parameter 

In 

PARAM Table 



Yesf 



Blank? 



No 



No/ 



Period? 



\Yes 



Store Parameter 

In 

PARAM Table 
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Problem 17 could be solved by coding in the following manner: 



VM&L 



EAMMCAtf' fe& 



LOCATION 



i&AJKMAi 



Q4mfl 



-„1...L, L.-L..J-. 



°M£MD^ 



VERJOTOHMODfERS 



; Tv,eA/r , . , ipaM/kj/t, 



SjuTM 



BSA^ 



&k 



EJJJ, 



&L- 



WZ 



ADDRESS FIELD 



COMMENTS 



\paaamcmj~> 



&a 



Js_ 



M 



Mz&^ 



„feL 



SC^^^Js^i s 



J_._J 



lEXhCuTZD 4/JLi IMMtffiSt/fSHZQ 



,VUI^ 



UL^A. 






te£&£4L- L -J$?22d?£MBMJL. 



QL&- 



MA- 



LLS, 



S^T 



\9,£AaCMe, 



>1A- 



\PA£AM r ,l 



TAJI 



&, 1 



£M„ 



J543L 



t&HKM« 



sza. 



PMAMtI 



s.m.i&i.i*j^.iMii 






mAO^MMjJsMLMAtA^Le&. 



ia£fli4Q_ 



^kMAcjeg Td A 



S TM£ . P AAAHt ? T E,R, 



:£4L 



]£AgAM&HL 



Zif JP , 



Somewhere within this subprogram would" also be included the symbol CARD in 
location field with a declaration of the prestored data or area reserved. 



the 



Student Problem 17A: 

Assume the same problem as just given except the card image was read in backwards. 
In other words column 1 is the last character at address CARD+9 and column 80 is the 
first character at address CARD. 
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Flowchart: 



Problem 17A could be solved by coding in the following manner: 



LOCATION 


DPERATWtMOOfeS AODRESS FIELD COMMENTS 


1 13 1 1 1 t 1 1 .4 1 ?| t 


i i 


-- i ' ■■■'•■■■'' i ' ' 




i i i i 1 1 I 


-1.-1- ■ | = - j^._Lj_ j , j_. . . ^j . . ■ , • 1 


1 1 i 1 1 i : 


4 ■ >- i-i-! i ■ ■ j_ , , , j , j 


| | ■ ■ • , ■ 


i_l 1 ■ i . J- L ■ 1 .^L. \ , 


::!.;:: 


_j J _. . . _, } I _ [ . ; , |_ 


; , . . : 


! j | 


. i _1_ J_| i 1 


^ i . (^ i _ | J 


-.i-.i 1 i 1 1 1 


, , ; 1 j j i ...,;■, . j 





-....• J_J... i ..!_l_i.....L_:_J_U i „1_1.. :....J_..: :... ! .'i._i.:.l_, !!:. : _LL_A-l_L>.t__i_. !i: ■ 1 ■ ' j j_ 


i : i ■ i l j 


,,.,.!-., _j 


; i ! i i i i , . 


^ ,-i-Ll.U ' U.L1J_1 


.)■,.!. 








! 1 1 1 . . ' 




, . . 




-J 1 1 1 1 1 1 




:.;.,, 




1 1 i 1 . 1......L...' . 


= j i ' ! ' ' : ' ' i I i 1 I i i i I I i i 1 1 i l i ■ : 1 i ( | , j | | ■ ■ ■ L 


;:..!i. 


: • ; | | , , | | | , ■ ■ ( { 


I 1 1 i i I 1 


L ,_[_. ^,^^ 1 _ L , j 


, 






L I 


t_i 


, .! ^ ' - — - i- -- ^ >-.- 


, p . r i i 


-l_^-J_J-J_J_J-^X.4_.J-J_JL-X_i_---l-.^_l^ J_l_i._l_. ■ _■ ..J_i_i_^_i_i^ _ J_, ■!.■■■ ■ 1 i , 1 1 , , ■ . . ■ 




' ' ' * -'--^^-^ --| 
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GROUP 18 
INPUT/OUTPUT 





GROUP 18 






INPUT/OUTPUT 




1. 


Connect 


CONN 


2. 


External Function 


EXTF 


3. 


Begin Read 


BEGR 


4. 


Begin Write 


BEGW 


5. 


Copy Status 


COPY 


6. 


Clear Channel 


CLCH 


7. 


Input to A 


IPA 



This group of instructions works with the I/O equipment in the system. 

The first four instructions contain a "reject jump address" in case the operation cannot 
be performed. The first instruction opens a line from a data channel to a unit. The 
second instruction performs any one of a number of operations on the unit except reading 
or writing. The third and fourth instructions actually initiate the read or write opera- 
tion which is completely buffered. 

The fifth instruction interrogates the operation on a data channel and can do so at any 
time. The sixth instruction clears all channel control and terminates any operation 
being performed on the channel. 

The last instruction is the only 2 4- bit instruction in the group. It inputs information 
from either the typewriter or card reader, whichever is selected (manual). The input 
is not buffered, i.e., program control will stop until the information is received. 
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The CONNECT Instruction 

The CONNECT instruction is an instruction that connects one controller and one unit 
of that controller to a data channel. 

The designator x specifies the number of the data channel. The designator e specifies 
the number of the equipment (controller). The designator u specifies the number of the 
unit. The designator n specifies the Reject Jump Address if the connection cannot be 
made. 

If the connection can be made, it will be made and program control will go to the next 
instruction at (P) + 1 . 

If the channel or unit is busy, program control will transfer to address n. 

If the channel or controller or unit is not present, an interrupt condition occurs. This 
is called the Internal Reject Interrupt. After going through the interrupt routine, 
program control will then go to address n. 
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Function code 



■Reject Jump Address. 

Unit 

Zero if omitted. 

Equipment (Controller) 
Zero if omitted. 

■ Data Channel 
Zero if omitted. 
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Connect a unit to Data Channel X 
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PROBLEM: 
C 

CE 

SOLUTION: 


( CONN 


onnect to Data Channel 2, equipment 3 and unit 5. If the connection 
innot be made, jump to address REJ. 
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PROBLEM: 

Connect to Data Channel 0, equipment 6 and unit 4. If the connection 
cannot be made, jump to address BUS. 

SOLUTION: 
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PROBLEM: 

Connect to Data Channel 1, equipment 3. If the connection cannot be 
made, jump to address PETE. 

SOLUTION: 
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PROBLEM: 

Connect to Data Channel 3, equipment 2 and unit 4. If the connection 
cannot be made, have the instruction reject upon itself. 

SOLUTION: 
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The EXTERNAL FUNCTION Instruction 

The EXTERNAL FUNCTION instruction is an instruction that performs some type of 
setting or operation on a unit. This includes everything that can be done to the unit 
except the transmission of data. 

The designator w specifies the function code. For each operation there is a 12-bit 
function code which this instruction transmits to the unit. The function code specifying 
an operation for any particular unit can be found in its reference manual. 

The designator x specifies the data channel through which the function code is to be 
transmitted to the unit. 

The designator n specifies the Reject Jump Address if for some reason the function 
cannot take place. 

If the channel or controller or unit is not present, an interrupt condition occurs. This 
is called the Internal Reject Interrupt. After going through the interrupt routine, 
program control will then go to address n. 

If bit 23 is a "l" within the format of this instruction, the function code is transmitted 
only to the specified data channel. For these special function codes see the 3600 
Computer System Reference Manual. 
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Function code 
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Reject Jump Address 

• Function code 

■ Data Channel 
Zero if omitted 
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PROBLEM: 



Assuming XXXX to be the octal function code rewinding tape to load 
point, execute the instruction that will do so if the unit is connected 
to Data Channel 3. If the operation cannot be performed, jump to 
address ZILCH. 
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PROBLEM: 



A magnetic tape unit is connected to Data Channel 2. Set the unit to 
BCD mode if YYYY octal is the function code. If the operation can- 
not be performed, jump to address NIX. 
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PROBLEM: 



A magnetic tape unit is connected to Data Channel 2. Set the unit to 
556 density if WW octal is the function code. If the operation 
cannot be performed, jump to address JACK. 
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PROBLEM: 



A magnetic tape unit is connected to Data Channel 2. Set the unit to 
Interrupt On Error if TTTT octal is the function code. If the opera- 
tion cannot be performed, jump to address CONT. 
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The BEGIN READ Instruction 

The BEGIN READ instruction is an instruction that initiates transmitting of data words 
from the unit to memory. 

The data will be read from the unit which is connected to the data channel specified by 

The designator (a) m specifies an 18-bit address called the Control Word Address. At 
this address is pre -stored a control word for the data channel. The control word is 
composed of an 18-bit starting address specifying where in memory the data is to be 
transmitted, and a word count telling how many 48 -bit words are to be transmitted. A 
special feature of the control word allows the programmer to "skip" records and to 
read variable length records without having to know how long each one is. For a more 
detailed explanation of these special features see the 3600 Computer System Reference 
Manual . 

If the equipment is capable of being read from, the read is initiated and program con- 
trol goes to (P) + 1. 

The designator n specifies the Reject Jump Address if for some reason the read cannot 
take place. 

If the channel or controller or unit is not present, an interrupt condition occurs. This 
is called the Internal Reject Interrupt. After going through the interrupt routine, 
program control will then go to address n. 
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Function code 



Sr^ 



Reject Jump Address 

Control Word Address 

Bank of Control Word Address 

0-7, actual bank number. 

$, bank in which base address 
resides. 

*, bank in which BEGR resides. 

Data Channel 
Zero if omitted. 
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BEGR 



PROBLEM: 
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Activate a read on Data Channel 3 using control word address CWA1 
from Bank 2. If the Read cannot take place, jump to address BUS. 
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PROBLEM: 



Activate a read on Data Channel using the control word from 
address CWA2 in the bank where CWA2 resides. If the Read cannot 
take place, jump to address REJ. 



SOLUTION: 
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PROBLEM: 



Activate a read on Data Channel 1 using the control word from 
address CWA3 in the bank where the BEGR resides. If the Read 
cannot take place, jump to the address of the instruction. 



SOLUTION: 
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PROBLEM: 

In reference to the above problem, what would the control word at 
address CWA3 look like if we wanted to read the first record into 
address FWA3 in the bank where the BEGR resides? Assume first 
record not over 50 words. 
SOLUTION: 
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The BEGIN WRITE Instruction 

The BEGIN WRITE instruction is an instruction that initiates transmitting of data words 
from memory to the unit. 

The data will be transmitted to the unit which is connected to the data channel specified 
by x. 

The designator ( a) m specifies an 18-bit address called the Control Word Address. At 
this address is pre-stored a control word for the data channel. The control word is 
composed of an 18-bit starting address specifying where in memory the data is to be 
transmitted from, and a word count telling how many 48-bit words are to be transmitted. 

If the equipment is capable of being written to, the write is initiated and program control 
goes to (P) + 1. 

The designator n specifies the Reject Jump Address if for some reason the write cannot 
take place. 

If the channel or controller or unit is not present, an interrupt condition occurs. This 
is called the Internal Reject Interrupt. After going through the interrupt routine, 
program control will then go to address n. 
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Function code 



-Reject Jump Address 

-Control Word Address 

-Bank of Control Word Address 

0-7, actual bank number 

$, bank in which base address 
resides. 

*, bank in which BEGW resides. 

•Data Channel 
Zero if omitted. 
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PROBLEM: 



Activate a Write on Data Channel 4 using control word address CWA1 
from Bank 3. If the Write cannot take place, jump to address RE J. 
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PROBLEM: 



Activate a Write on Data Channel 2 using the control word at address 
CWA2 in the bank where CWA2 resides. If the Write cannot take 
place, jump to address MOD. 
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PROBLEM: 



Activate a Write on Data Channel 1 using the control word at 
address CWA3 in the bank where the BEGW resides. If the Write 
cannot take place, jump to address NIX. 
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PROBLEM: 



In reference to the above problem, what would the control word at 
address CWA3 look like if we wanted to write 20 words onto tape 
from address FWA3 in the bank where BEGW resides? 
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The COPY STATUS Instruction 

The COPY STATUS instruction is an instruction that probes the status of a data 
channel and the connected unit for various conditions. 

The designator x specifies the data channel through which the status is to be probed. 

If CW is specified by the programmer, the present Control Word will replace the 
contents of A with its present word count and its current word address. If CWA is 
specified by the programmer, the present Control Word Address will replace the 
contents of Q. 

If b is specified by the programmer, the status of the equipment will replace the 
contents of that index register. To interpret this status the equipment reference 
manual must be referenced. 

Program control always goes to (P) + 1 from this instruction since it is only a "probing" 
instruction. 
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Optional, control word — 



Optional, control word 
address 



i"-i"'«»i= 



Optional, index designator, 
used for status of channel and 
equipment. 



-Data Channel 
Zero if omitted 
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Examine status 

a. Control Word Address **Q 

b. Control Word -*A 

c. Equipment Status -"B 
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M 
P 
L 

E 
S 



| COPY 



PROBLEM: 



Probe the equipment status from Channel 2. Use Index Register 3. 



SOLUTION: 



LORN 



ii 



i z i ; i < i ' i <■ i ' i » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



CtfPX 



&iji2i 



j_j i i i 



' i ' i i i i i i i i i>) 



'°l" l l2 l l »l' , l" l"l'M'«|H|aO|ai|Zi|;i|;4|;5|gt|;7|2«|;»|3ll|3i|M|3au«|WHe|37|3l| J » l< 0|<, !«;!< 



|39|40|4. |47|43|44|43|46|47[4ei49 | 5Q | 



PROBLEM: 



Probe the control word from Channel 1 , 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



i i i i 



] fidm,Aw , , !i 



i i i i i i i i i i i i i ' i i i 



' I ' I " » ' I 6 I ' I ' 9 I i0 »| "l | 4>|'»|'4J|i7|i»|H»|aoi2irz2|Z3i|Z<|ZS| 



g«|27|za|;»|3Q|3i |37|33|34|3i|3tH7|3«HJ|40|4' |42|43i44|4i|4t|47|4e!4»|io| 



PROBLEM: 



Probe the control word address from Channel 0. 



SOLUTION: 



LOCN 



J I I L_l_ 



I'l'i'l'i'i'i' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



£dP^ } &W,A 



J — I— J — I — I — I — 111 I I I I I I I 



l M l' 3 l IJ l' 4 l ,5 r 6 l lf l | 4| | 9|^O|g'|Z2|g>|24|75|?6|Z7|ga| 



2»|30|3i |3g|33|14|3i|3«|37|36|3»|40|4. |4;|43|44|45|4t|47|4|;4» ) 50 i 



PROBLEM: 



Probe all possible status from Channel 3. Use Index Register 6 
for equipment status. 



SOLUTION: 



LOCN 



j i i i i 



IM3|4|S|«|7|a 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



MfY^AWyAtf/l, &yL 



J L_l I I I I 



J — I — l_l — I I I L_l I I I I I I I 

I 



'"'" l' g l"i 4 Li '' 8 '" I" l l »|g°l"|Zg|a3|Z4|ai|2t|;;|; l |H|30|3i |3;|33|34|3i [ 16|37 | 38|39|40|4i | 4; | 4j | . 4 | 4 3 | 4 1 | < 7 | 4» I 49 ; iO ; 
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The CLEAR CHANNEL Instruction 

The CLEAR CHANNEL instruction is an instruction that clears the data channel 
specified by x. By so doing, all control is removed from the data channel. Any I/O 
transfer is terminated. The connection between the data channel and the unit is lost. 

If the programmer wishes to use a unit on data channel x after using this instruction, 
he must re-connect the unit with the CONNECT instruction. 
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F 
O 
R 

M 
A 
T 



CLEAR CHANNEL 



CLCH 



47 



MACHINE 



7 '4 '5 ' 

' i 4 r i 



COMPASS 








LOCN 



i ' i i i 



' ] M ' I > I ' I ' I « 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



CLC-ti 



i ' ' x ' ' i ' ' < i i i i i 



i i i i i i 



J — 1 — I L_J LJ_ 



° l " l " l " l l, l "l"l' 7 l"l'»l'°l"igZ|g»l'«l»|g«|2' '|ie|g9HO|I.|3;|H|H|3S| K HT| a a|3»|«<.|4. |«i|«3|«4|.i|.6|47| < .|.»HQ | 



Function code 



-Data Channel 
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CLCH 



F 
L 
O 

w 
c 

H 
A 
R 
T 



CLEAR CHANNEL 



FORMAT: CLCH 




Enter 



Clear 
Channel x 




Exit 



CLCH 



D 

E 

S 

c 

R 
I 

P 
T 
I 

O 
N 



Clear channel X 

a. Terminate activity 

b. Remove control 

c. Remove connection 
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CLCH 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Clear Channel 0. 



SOLUTION: 



LOCN 



I I ! I I 



; > 1 1 ; i» i s i 7 i ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



Cl£^ 



^—1 I 1^1 LJ I I I I I l 



' i " i 12 1" ;■• i" i" 



| i> | 16 | if |" |H|;0|i.|;Z|23|;4|i3|g6|Z7|;i|a9|lQ|3i |I?U>|H|3i|16|IT|3»|39|«0|4 ] 4 ; | 4 3 ; 4 4 . 4 



PROBLEM: 



Clear Channel 1 , 



SOLUTION: 



LOCN 



i ; i ' i « i ' i « i ' i » 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



&L&H 



I I I I \M 



J — LJ 1 I I LJ LJ I I L 



l l i; ; i3 r4|!i| l 6|"M6M9|Z0!Zij22|;3]24|;3|?6|g7|;si;9!lO|3l|3?J33|34|35|3fe|i7|3e|39 ! ->0!4 ^ 'I,- 



PROBLEM: 



Clear Channel 2. 



SOLUTION: 



LOCN 



" ' '>' " ' 6 1' > ' 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



CLCH, 



J — l — I — I — i — i i i i : i i i i i i 



'° '" I"' 13 I'* I" I 16 I' M" l'»|Z°|g'|Zi|a»|Z4|gS|g«|gf|;«|g9|30|3i |32|33|34|35|36|37|3e]3S ) 40i. 4; 



PROBLEM: 



Clear Channel 3. 



SOLUTION: 



LOCN 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENT 



\ C.L,.CH. 



[S .0 > : i : '2 i -J 



15 j ' 6 i : f i % \^\io\2'\i-2)l'i[Z*\2^\2b\27\2»\z'i\io[i^\-ii\ii\' t * . i '. , ^t»_^jje iiu 
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The INPUT TO A Instruction 

The INPUT TO A instruction is an instruction that allows information to be transmitted 
to the A register via the typewriter or the card reader. No data channel is used by 
this instruction. 

When this instruction is encountered, the computer will wait for the typewriter or card 
reader (selection on console) to issue one 6-bit character (typewriter) or one column 
(card reader). The information is transferred to the low order bits of A and program 
control continues to the next instruction. 
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INPUT TO A 



IPA 



F 
O 
R 

M 
A 

T 



MACHINE 



May be an 
upper or 
lower K 

instruction 



47 




23 





HI 


! e yyyyy 


1 1 l 1 i l 1 
i i i i i i i 


47 


23 





l l 1 1 l II 

1 l i 1 1 II 


7 '4 


: • yyyyy 



> NORMAL 



COMPASS 



LOCN 




OPERATION, MODIFIERS ADDRESS FIELD 


COMMENTS 








ZlPlA 1 1 1 1 1 1 1 1 1 1 I 1 1 1 !! 1 1 ] 1 1 ] 1 1 1 i 1 1 1 ! 1 1 


I i2|3|«l5|6|T,8 


9 


1 

0|M|lJ|t3|H|lS|l6ll7|ie|l9|?01Z'|2*|23|2«|2*|26|27|2B|29|JO|i 


i 

|32[3l|34l35|36|37|3e|39|4014'|«2j4j|44|45|46|4 


? j4B :"9|50| 



Function code 
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I PA 



F 
L 
O 
W 

c 

H 
A 
R 
T 



Card In 

Mtmon 
Buffer ■> 



FORMAT: IPA 



One ' 

-*j Charairtur ( * Clear (A) 

, Typed ■ j 



r„- c 



^l One Card I | 

—J Read Into , J ,., 

1 Memory ' 1 Clear 

, I4,.ff n ^ I I . 



Ljliiffer | 



One Character 

-A 

(6 Bits) 



One Column 

- A 
(12 Hits) 



-0 




IPA 



1) One character -*A for typewriter 

2) One column -*A for card reader 



D 
E 

S 

c 

R 
I 

P 
T 
I 

O 
N 
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IPA 



E 
X 
A 
M 
P 
L 
E 
S 



PROBLEM: 



Card reader is selected. Do an Input To A. 



SOLUTION: 



LOCN 



i ' i » i ' i» i » 1 7 1 ■ 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



im. 



I I I I I I I I I I 



I I I I I I 



'I" l"l IJ l'* l"M 6 l'n i »l | 3|Z°l"l?;|;i|Z<l?i|g»|;7|g»|!9|>0|3l|iZ| i l|34|aS|36|i7|3a|3»|4Q|4 4 2 | 4 3 [ 4 4 [ 4 ; , 4« | 4 7 | 4 » ; 4 9 , i0 



PROBLEM: 



Typewriter is selected. Do an Input To A. 



SOLUTION: 



LOCN 



1 1 1 1 1 



iM'i'i'i'i'i' 



OPERATION, MODIFIERS ADDRESS FIELO 



COMMENTS 



m 



1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 



1 1 

o l il l l? l' 3 l"H | 3|'6|'7|l8|i9|2O|2lj22|23|24|25|g6|27|28j29|3O|3i|32|33|34[35|36|37|39|39|40|4 j4Z|a3l44i45h 



PROBLEM: 



Which I/O instruction will hang up the computer? 



SOLUTION: 



LOCN 



1=13 14 19 16 17,1 



OPERATION, MODIFIERS ADDRESS FIELD 



COMMENTS 



IiPiA 



I I I I I : i 1 i 



'° I" 1"I I3 I" I 15 l'«l"l" I '9 |aO| g'|22|8i|;«|g»|?t|;f|Zl|;»|30 l 3i |3g|33|34|3SH6|37|3e|i9|4Q|4 42 ; 4 ; | . 4 | 4 5 1 . 6 ; 4 , ; 48 1 4 9 | 50; 



PROBLEM: 



Which I/O instruction is only 24 bits? 



SOLUTION: 



LOCN 




OPERATION. MODIFIERS ADDRESS FIELD COMMENTS 


1 1 ! 1 1 1 1 




■L\i\n\ ii i i i i i t ! i ; i i i i i i i i i i i i i i i 


l 12 | 3 ,4 |3 |« ,7 ;. 


9 


I i 

l l, r2|'3| ! 4|i5]i6]i:|ie|l9|2O|2lI22|23|24|25|26|Z7|28|29|3O|3i|32|33|34|35|36|37|3B|39i4C|4|42|43|44|45|46|47|48l'>9|5O 
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NEW CONCEPTS OF GROUP 18 

The concept of the I/O programming has already been introduced in Volume I, Section 
III with problem 19. There we included the concept with explanation of the CONN, 
EXTF, BEGR, and BEGW instructions. We also mentioned the control words needed 
with the BEGR and BEGW instructions. 

At this time we want to give a deeper insight into I/O operations and discuss the inter- 
dependency between I/O and interrupt. How do you set up an operation? How do you 
monitor it? What do you do when it's finished? In order not to confuse the discussion 
we will assume a 362X magnetic tape controller and a 60X tape unit for the equipment, 
and the principle will be similar for all other equipment. 

The function codes peculiar to magnetic tape are the following: 



TAPE MOTION 


Rewind 




0010 




Search E. O. F. Backward 


0014 


Rewind Unload 




0011 




Write E.O.F. 


0015 


Backspace 




0012 




Skip Bad Spot 


0016 


Search E. O. F. forward 


0013 














FORMAT 






Release 




0000 




Clear 


0005 


Binary 




0001 




800 BPI Density 


0006 


BCD 




0002 




Clear Reverse Read 


0040 


556 BPI Density 




0003 




Set Reverse Read 


004 1 


200 BPI Density 




0004 








INTERRUPT 


Interrupt On Ready 




0020 




Release Interrupt On 


0023 


And Not Busy 








End of Operation 




Release Interrupt On 


Ready 


UU4 1 




Interrupt on Abnormal 


UUdl 


And Not Busy 








End of Operation 




Interrupt On End 




0022 




Release Interrupt on Abnormal 


0025 


Of Operation 








End of Operation 
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These function codes are 12 bit codes generated by the central processor when the EXTF 
instruction is executed. All are in octal form. 

None of these codes transmit data. The codes have the following meanings: 

TAPE MOTION 



1. Rewind (0010) 



2. Rewind Unload (0011) - 



3. Backspace (0012) 



This code rewinds tape at high speed to load point. 
It has no effect if the tape is already at load point. 

This code rewinds tape at high speed to load point. 
It then rewinds tape slowly until all of the tape is 
on the supply reel. The tape must be manually re- 
loaded in order for any further operations t o occur 
on it. 

This code backspaces the tape one record or until 
load point is detected. If Reverse Read (607 only) 
is also selected, the tape will forward space one 
record. 



4. Search E. O. F. Forward(0013)- This code advances tape until the next file mark 

is detected. 

5. Search E. O. F. Backward(0014)- This code backspaces tape until a file mark is 

detected. 



6. Write E. O. F. (0015) - 



This code advances the tape approximately 6 inches 
and writes a BC 
recording mode. 



and writes a BCD 17„. This does not affect the 



7. Skip Bad Spot (0016) 



This code erases approximately 6 inches of tape. 
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FORMAT 
1. Release (0000) - 



This code logically disconnects the connected unit 
and removes the reserve so that other data channels 
through a multi-channel controller may have access 
to it. 



2. Binary (0001) - 



This code causes all data read or written to be done 
so in binary notation. 



3. BCD (0002) - 



This code causes all data read or written to be 
done so in BCD notation. 



4. 556BPI Density (0003) 



This code causes all data read or written to be 
done so at 556 frames per inch. 



5. 200BPI Density (0004) - 



This code causes all data read or written to be 
done so at 200 frames per inch. 



6. Clear (0005) 



This code clears all reservations made through the 
data channel and logically disconnects the connected 
unit. 



7. 800BPI Density (0006) - 



This code causes all data read or written to be 
done so at 800 frames per inch. This is possible 
on the 607 only. 



8. Clear Reverse Read (0040) 



This code clears the condition set by the Set 
Reverse Read code. 



9. Set Keverse Read (0041) - 



This code set up the condition that any tape read 
will occur in the reverse direction. 
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INTERRUPT 



1. Interrupt on Read - 
And Not Busy (0020) 



This code causes the controller to send an interrupt 
signal to the processor when the tape unit is in a 
Ready and Not Busy condition (all tape motion has 
ceased). This signal is cleared by a 0021 code. 



2. Release Interrupt on Ready 
And Not Busy (0021) 



This code clears an Interrupt on Ready and Not 
Busy selection and signal if it is up. 



3. Interrupt on End- 
Of Operation (0022) 



This code causes the controller to send the inter- 
rupt signal when an End of Record is sensed. 



4. Release Interrupt on End 
Of Operation (0023) 



This code clears the Interrupt on End of Operation 
selection and signal if it is up. 



5. Interrupt on Abnormal - 
End of Operation (0024) 



This code causes the controller to send an interrupt 
to the processor after an abnormal condition occurs 
For magnetic tape these conditions are: 

a. File Mark 

b. Load Point 

c. Vertical Parity Error 

d. Longitudinal Parity Error 

e. Lost Data 

f. Parity Error During Skip Bad Spot 

g. Connected Tape Unit Becoming Not Ready 



Release Interrupt On - 
Abnormal End of Operation 
(0025) 



This code clears the Interrupt on Abnormal End of 
Operation selection and signal if it is up. 



The INTERRUPT function codes are common to all controllers with only the "abnormal 
conditions" listed being different. All codes listed are used to position tape and set 
operating mode before actual transfer of data takes place 
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The condition of the unit can be monitored at any time through the use of the COPY 
(status) instruction. The unit status is received in the lowest 12 bits of an index regis- 



ter, each bit representing a condition, 
follows: 



A ' 1' bit means the condition is present as 



STATUS REPLIES 


Bit 


Ready 


Bit 6 


Density (556 or 200BPI) 


Bit 1 


Channel, Control 
or Unit Busy 


Bit 7 


Density (800BPI) 


Bit 2 


Write Enable 


Bit 8 


Lost Data 


Bit 3 


File Mark 


Bit 9 


Longitudinal Parity Error 


Bit 4 


Load Point 


Bit 10 


Vertical Parity Error 


Bit 5 


End Of Tape 


Bit 11 


Reserve Reject 



The status can be checked by the "Bit Sensing" instruction (NBJP or ZBJP). 
This instruction can examine any bit in any operational register. 

On the COPY instruction the 12 bits are received in the lower portion of the index 
register. The uppermost three bits of the register will contain channel status as 
follows: 



Bit 14 - "1" 



Bit 13 - "1" 
Bit 12 - "1" 



transmission parity error has occurred. 
This is between memory and channel and between 
channel and controller only. 

write operation is in progress. 

read operation is in progress. 
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Problem 18: 

Write a subprogram that will do the following: 

1. Clear channel #0 . 

2. Connect equipment #3, unit #2 (mag. tape) to channel #0. 

3. Set format to BCD, density to 556. 

4. Rewind to load point. 

5. Set up Interrupt On Abnormal End of Operation . 

6. Transmit the 1st record to address REC1. 

7. Transmit the 3rd record to address REC3. 

8. When finished, exit. 

Assume the records are each less than 100 words. 
Flowchart: 




Clear 
Channel #0 



Connect To 
Channel *0 

1. Equipment #3 

2. Unit #2 



Set: 

l.FormatToBCD 
2.Density To 556 



Rewind To 
Load Point 



-o 



& 



Set Up Interrupt 

Abnormal 
End Of Operation 



^On 



Transmit 1st 
Record To 
REC1 



Transmit 3rd 
Record To 
REC3 
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Problem 18 could be solved by coding in the following manner: 



LOCATION aPERATIOHMOOIflERS 



ADDRESS FIELD 



COMMENTS 



IMnJlL 



jR£ADJAil^ 



S&J^. 



mt&- 



J&S&JLLdlL 



BS£^ 



&l£A. 



&SS 



lion... 



* WA/ 






U§£JL 



UAnlMZ. 



Mis.. 



£L,,LQCL. 



tLCA... 



\P 






EXLE... 



S&IL. 



._ ku^js.. 



_ k €7~ ££mATT£ _Sc£> 



J^JU*^ 



jS^^JMA^X±.IjL t £SA. 



fXTF ' . 



UP, /ag ,* 



. ££MjJd_ : _ _, ,_ 



C^PS—^ j^lZ_u ...^ ..- _ ..- ,-. ...-. ^ ^ kzA.m$J$j3J. 



,*&&. 



SAX. _ ._.!.._.. 
<3!&_^ i .^_ 



Student Problem 18 A: 



J#4^A-..L 



R£mM71^ 






Write a subprogram that will do the following: 

1. Clear channel #2. 

2. Correct equipment #4, unit #1 (mag. tape) to channel #2. 

3. Set format to BIN, density to 200. 

4. Rewind to load point. 

5. Set up Interrupt On Abnormal End of Operation. 

6. Write 20 words starting at CARDBUFF as one record. 

7. When finished, exit. 
Flowchart: 
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Problem 18A could be solved by coding in the following manner: 



LOCATION 


DPERATION,MODIFIERS ADDRESS FIELD COMMENTS 




i i 




i i 




i i 




! 1 




1 1 

-__L •_■-■ ... ..J_J J ... -J 1 ■ J_.i l-._l_.l_L '.a... 1. ■ .J-J..' ■ .■ '.. '.__. i_J_; . ' ■ X__l XL 1 _L__i_. • • 




1 1 


_. 


1 1 




I 1 

, . i : : , , 1 i . 1 J : 1 I ; , , , . 


L. 


1 1 




1 1 

-.. .1 '... ...1 i •__- 1_1_.. i ... .... .... ... * iJ J_i . • . i . 1_L_1_L J.UJ ■ ■ i . X J_. ' " ■ J. J_i_i . J_L_1 




I 1 


^ : 


1 1 




I 


. ■ 


1 1 




I : 


, . . 


I i 


, : i < 


i 1 """ 


_L_L_ ■ ' L_ 


l i 

i l 11 l l i l i 1 1 1 i 1 .i i. . i ; 1 1 1 1 1 1 1 ! 1 1 1 i . i 1 1 1 1 i.„.l i i_.J... 1... ■ _ j 1 1 : 1 i 1 1 


. 1 1 I » 


1 1 

---------_--_-. LX.Li ._____J_________ . LJJ.' , ... ..... J L____j__.__.__l. .... ■__.,__! _ X . ._ X_ i_ ,_1 _1_J_ L 


, 


1 1 


< ■ 1 ■ , , , 


1 ! 
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GROUP 19 



LOCAL STORAGE ALLOCATION 



GROUP 19 
LOCAL STORAGE ALLOCATION 

1. Block Storage Reservation (Starting) BSS 

2. Block Storage Reservation (Ending) BES 

3. Octal Data Initialization OCT 

4. Decimal Data Initialization DEC 

5. Double Precision Data Initialization DECD 

6. Binary-Coded-Decimal Data Initialization BCD 

7. Type Character Initialization TYPE 

8. Variable Field Data Initialization VFD 

9. Literals = MV 

= S 

The first two instructions allow the programmer to declare a block of one or more 
words to be reserved before execution of the program. During the execution of the 
program, the programmer generates words and stores them in this area. 

The next three instructions allow the programmer to prestore data before execution 
of the program. Constants are usually prestored with one of these instructions. 

The BCD and TYPE statements allow the programmer to prestore messages that are 
to be output sometime during the execution of the program. 

The VFD statement prestores data in variable bytes. The "string" of data can be of 
different modes. 

The last item, "literals", is not a statement but a different method used to allocate 
storage words. Since this is a new concept, more is said on it further in this group. 
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The BSS Instruction 



FORM: 



LOCATION 



rawnoKMOWFes 



ADDRESS FIELD 



fisi. 



_Li_L_ 



COMMENTS 



This instruction reserves a block of consecutive 48 -bit machine words. The value of 
the expression in the address field determines the number of words to be reserved. 
A location symbol is optional. If present, it is assigned to the first word reserved. 
In this case the programmer would use forward addressing. 

The area reserved will not be zeroed out prior to execution. If the programmer so 
desires, he must do it within his program. 
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FORM: 



The BES Instruction 



LOCATION 



DPERATIOHMODIFIERS 



ADDRESS FIELD 



COMMENTS 



L 



MS. 



_i_i_L 



This instruction is the same as the BSS instruction, except that the symbol in the 
location field, if any, is assigned to the last word of the block. In this case the 
programmer would use backward addressing. 
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The OCT Instruction 
FORM: 



LOCATION 



0PtRATK)N,MOOFIERS ADDRESS FIELD COMMENTS 



4cL^^lL&LJ&#^ 



i 



y^A^^, 



I ^ ^ 7 1 

_L. J _J_l_l_i_i_J._L.X_l_i_l_i l_ i ._ i _l_J_J_ 



This instruction is used to prestore octal constants. Constants are declared in the 
address field separated by commas. Each constant requires one 48-bit word. 

The constants can be 1 to 16 octal digits, signed or unsigned. If a constant is less 
than 16 digits, it will be right justified in the word with the sign extended. 

The character B^is not allowed. The assembler automatically assumes octal. A 
location symbol is optional. If present, it is assigned to the first word. 

The following are valid examples of an OCT instruction: 

C0NX OCT 1,456,-7,0,-0 

(C0NX) = >01 

(CONX+1) = 5>0456 

(CONX+2) = 7 >70 

(C^NX+3) = 3»0 

(CONX+4) = 7 >7 
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The DEC Instruction 
FORM: 



LOCATION 


QFERATKHMOOreS ADDRESS FIELD 


COMMENTS 




■IJ""HI1I'H - 


I i 


.,„..„,»,„,„.,.,„,«,.,«.„ 




k 


.Q*s£_ i li , i j^l^^tM^3i.ji-i-,-i i , | , , , ,.,,,,, , , i ii,ii, , , 





■ — 1—1 , l-L-L-l L_1_J_L-1_L. ■ , ■ ' , 1 1 , 1 1 1 1 I > ._!_. ■ , , J_ 


, , , , , 





This instruction is used to prestore decimal constants. Constants are declared in the 
address field separated by commas. Each constant requires one 48-bit word. 

Constants are prestored in two different forms with this instruction: fixed point integer 
and floating point . If no decimal point is found in the constant, it is stored in fixed 
point integer form. If a decimal point is found in the constant, it is stored in floating 
point form. Care must be taken by the programmer that the forms are not mixed 
when using fixed point arithmetic instructions or floating point arithmetic instructions. 

A location symbol is optional. If present, it is assigned to the first word. 

The following constant specifications are legal: 

PERCNT DEC 5, 0, -8 



(PERCNT) 




: 


(PERCNT + 


1) 


= 


(PERCNT + 


2) 


= 7 


PARAM 




DEC 



-9>005 



->000 
->767 



10. ,0. 



(PARAM) = 200450->0 

(PARAM+1) =0 >0 

(PARAM+2) = 577737-S>7 

Also legal as a constant specification is the form; 

fDdBb 
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This specification allows constants to be formed in scientific notation as; 

f. 10 d -2 b 
The^ specification determines the format as fixed or floating point. The jjl and b 
exponents may be signed or unsigned integers. 

The following represent valid address field constants: 

Specification Value 

1. 85D4 850, 000; fixed point 

2. -27D3B2 -108, 000; fixed point 

3. 7. 6D-6 . 0000076; floating point 



19-6 



The DECD Instruction 



FORM: 



LOCATION 



L, 



DPERATnLMODffRS 



ADDRESS FIELD 



COMMENTS 



QM£.^^^iCJ^C^.£3y_, ± 



This instruction converts double precision floating point constants to binary and stores 
them in consecutive pairs of machine words. The rules are the same as for the DEC 
instruction, except that more digits can be specified for precision and accuracy. 
Up to 25 digits may be specified. 

The following are valid representations of constants: 

C0NX DECD -01364295634574321697,3.1415963214631794 

C0NX and C0NX+ 1 contain the first operand in floating point format. 

C0NX + 2 and CONX + 3 contain the second operand in floating point format. 
These operands are operated on with any of the following instructions which automati- 
cally reference two memory words: 

1. DLDA 

2. DSTA 

3. DFAD 

4. DFSB 

5. DFMU 

6. DFDV 
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The BCD Instruction 



FORM: 



LOCATION 



0PERATION,MOD»IERS 



ADDRESS FIELD 



COMMENTS 



.fiS£_ 



A^Jfl a jCh&TiA^ksaiSL- 



This instruction stores internal BCD characters in consecutive machine words, 8 
characters per word. The address field consists of a word count, n, followed by a 
comma and up to 8 characters following. The word count determines the number of 
characters scanned on the card. The characters may be any legal BCD characters. 
This includes blanks, periods, commas, etc. The address field is terminated by 
the 8n characters being satisfied. Any more characters, to column 73, are treated 
as remarks. 

A location symbol is optional. If present, it is assigned to the first word. 

Here is an example of how the BCD characters are prestored. 

MESSAGE BCD 2, N0 ERR0RS F0UND 
(MESSAGE) = N0 ERR0R 

(MESSAGE+1) = S F0UND 
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The TYPE Instruction 



FORM: 



LOCATION 



OPERATWIMODIFIERS ADDRESS FIELD 



COMMENTS 



nl.ii^iomi'iimi'^iw^itiiiiii 



.L 



-tite-i 



i ? .y.Wi Chan^c^cCS 



t J i I L-J L..-L- 



This instruction is very much like the BCD instruction except that the characters are 
in typewriter code. 

For special settings on the typewriter, the following code is used: 



Specification 



Meaning 



Carriage Return 
Shift to Upper Case 
Shift to Lower Case 
Backspace 
Tab 



*R 

*U 

*L 

*B 

#T 

*X ' 

*A ' 

*S ; 

Even though each specification represents two columns on the card, it represents and 
counts as only one typewriter character. 

Here is an example of pre- storing a typewriter message. 

MESSAGE TYPE 3, *RREM0VE TAPE REEL XX 

(MESSAGE) z *RREM0VE 

(MESSAGE +1) = TAPE REE 

(MESSAGE +2) = L XX 
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The VFD Instruction 



FORM: 



LOCATION 


opemtiohmodifiers address field 


COMMENTS 


UI :, U|i|1 ., ;1 


_ t _ i _ i . i 




/.,... 


..lu&fl_x_i mi m^vfl ; nn/iv,,i.,. t . i , , , , , 


' •■ i i 1 1 l 






■ t 





This instruction allows the programmer to pre-store variable types of data. The data 
can form a continuous string and can be of different modes. The instruction can con- 
vert octal and decimal constants, hollerith characters, typewriter characters and 
arithmetic expressions. The address field consists of one or more subfields separat- 
ed by commas. Each subfield is in the form mn/v, where m specifies mode, n specifies 
number of bits, and v specifies value. The address field is terminated by the first 
blank which is not a part of a hollerith or typewriter field. A location symbol, if 
present, is assigned to the first word. 

Five modes are allowed: 



Onh 



Octal constant 



Same rules as on OCT 
instruction except that n 
may range from 1-48. 



Hn/v Hollerith character code 



Same rules as on BCD 
instruction except n must 
be a multiple of 6 since n 
represents characters 
instead of words. 



Tn/v Typewriter character code 



Same rules as on TYPE 
instruction except n must be 
a multiple of 6 since n repre- 
sents characters instead of 
words 
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Bn/v Bank term - the n term may be omitted 

as it is always assumed 3- 
The_y_ term, when stored, 
must coincide with a bank 
designated position in a 
machine word. 



An/v Arithmetic expression 

of decimal constant - represents a decimal fixed 



point constant or a relocat- 
able expression if n : 15. 
An example of how a "string" of data can be formed is shown here: 

STRING VFD 024/-41, A24/32, T24/ABCD, H24WXYZ 

(STRING) : 7 =>7360 — > 040 

(STRING +1) S ABCDWXYZ 
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FORM: 



LITERALS 



LOCATION 



OttRjmOHMOOffERS ADDRESS FIELD 



COMMENTS 



4/ljSjfariO . 



afll^_ 



^fJ An e 



-fiSf/Ane, 



„.J I 1 i.._l_...J i — I LJ — !_ 



Specifying literals in a subprogram gives the programmer an easy, fast, and efficient 
method of pre- storing data and reserving a block of memory. Consider the following 
set of instructions: 

LDA CON1 

MUI C0N2 

STA SAVE 

If the program multiplies two constants, they must be specified somewhere, probably 
with a DEC card. Also, if the program stores the result, the address must be reserv- 
ed, probably with a BSS card. If the constants are known, there is an easier method 
to perform the operation; using literals. By doing so, the programmer could have" 
coded as follows: 



LDA 
ADD 

STA 



-D 1564318 
= D-16741 
= SSAVE 



The execution time for either method is the same. But the second method needs no 
pseudo instructions to pre- store the data or reserve the area. 

The Compass assembler automatically does so when the equal sign is scanned and the 
value is read. 
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A literal usually replaces the msubfield of an instruction and has the form: 

1. =MV 

2. =SNAME 

3. =DSNAME 



1. Literal Form: =MV 

For this literal, M S mode and V = value . The mode can be any of the following: 



D Decimal constant 



The value can be any of those 
allowable on the DEC instruction. 



O Octal constant 



H Hollerith codes 



T Typewriter codes 



The value can be any of those allow- 
able on the OCT instruction. 
The first 8 characters following 
the H specify the internal BCD value. 
The first 8 characters following the 
T specify the typewriter value. 



DD Double Precision 
Decimal Constant 



The value must be in floating point 
format. The result occupies two 
words. 



DO Double Precision 
Octal Constant 



The value must be octal digits. 
The result requires two words. 



With the preceding literals the following instructions could be coded: 

LDA =D-.05 
FMU =D6.8 

The programmer must make sure that the instruction and arithmetic format agree. 



i'he "S" must be specified and is followed by 



2. Literal Form: =SNAME 

For this literal S E Storage address 
the name. When the name is scanned by the assembler, a memory word is auto 
matically reserved. This literal is closely related to the BSS instruction. 
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With this literal the programmer can code; 

ST A =SHOLD 
Here he is storing A at address H0LD, which does not have to be declared in the 
location field. The assembler generates its own address. 

3. Literal Form: -DSNAME 

For this literal DS = double precision storage address . The "DS" must be specified 
and is followed by the name. Two words are reserved at addresses: 

NAME and NAME 4- 1. 
This literal is usually used with double precision floating point arithmetic. 
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NEW CONCEPTS OF GROUP 19 

The local storage allocation pseudo instructions are not machine instructions as we had 
presented in the last 18 groups (except for IDENT, ENTRY, BSS, OCT, DEC, and END 
instructions). Since these are not machine instructions, they normally go before the 
beginning, or after the end of the executable part of the program. The only time they 
could be placed within the executable part of the program is if the programmer jumps 
over the area, or instructions are placed in the area before the area is executed. 

A block area reserved by the BSS instruction can make use of the ISK instruction to 
process or generate consecutive data. A block area reserved by the BES instruction 
can make use of the UP instruction. 

Literals usually should replace instructions having an m subfield. There is a difference 
between the instructions; 

1. LDA -D691534 

2. ENA -D691534 

The first one loads A with the decimal integer 691534. The second one enters the 
assembler generated address into A with sign extended. This, in most cases, repre- 
sents an undefined quantity. 
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Problem 19: 



5. 8X - 6. 7Y 



Use literals to solve the problem to solve Z = -4. 9 

floating point. 



if X and Y are given in 



Flowchart: 




Form 
5.8X-6. 7Y 



^ Divide By -4. 9 



Store At Z 




Problem 19 could be solved by coding in the following manner: 



LOCATION 


DPERATIOUIN10FIERS ADDRESS FIELD COMMENTS 












C jJl&±+ ■ L^jE)f/U-< j_i ..■:!,.. L . ■ x_, .._L ;.... ,....!...,...:. j . , ,, , ■ ■ ■ I I , I 1 , , . 1 


Zr 


ESS |i , i , , ,...,.,. 


EVal 


#5,5, ,,,,,, U , , ; ! . : L.,1 ..,.,_ ^.. ,..,.. ■ .. ■ ixx^-1^l J ..^m 




LJD^L. W . . , : , . , , , , , , ,. ,. , . .. ... I • ,' : • , , . , ... = ,. 1 , 1 I . 1 ., .,.., ....._ 




fmu ,,,,., kp^-7 ! , , , , , , :.....,.; ,,_..,...,_,._ 




S7X , l-^fcfcfl I 




lew . , , . !x ... .. ......... , . , . .. ... ,.....!.. . . , , . . , . , , J _ 1 _^ J _ 1 _. , . . ... 




.EtML- , . hG£tf, . . ■ , , , . . . . ■ -. ,1,11 , , : . .:. , , ,....., , . .,. ,.., , : : , , ■ 




_FS&- .. _ ^SHJIJL _. , ^M~4*TJ -, . , . „.^.._,..,...^.. _ 




^DV. , kB-tf-tf 


.,.,,. 


'iJ/il I :.! IS 1,1. 1. ! ! • 1 ., • 1 i , 1 II,. ... il.ll II ,1111,11111 1. ...... 




sU WA.L , . . ! 


; i ! i : ■ 


_ftf9_L ..^. .J.. ,^....^_,......^..., , .., i ■ L_^.,._.. _ ... ,_^ ,..^.i i..^^...^..^.., , ._ 



Somewhere within this subprogram would also be included the symbols X and Y in the 
location field with a declaration of the pre- stored data or area reserved. 



Student Problem 19A: 

Using literals write a subprogram to evaluate Q 
are given in floating point. 



-4. 8(3R +7. IS) 
8. 2S - 71. 6T if R, S, and T 



Flowchart: 
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Problem 19A" could be solved by coding in the following manner: 



LOCATION 


0P£RATK)N,HOOtflERS 


ADDRESS FIELD 


COMMENTS 


:(tflt 




. 7i i n t > • » , » , v ; n j m , w i *r , m ■ n i *. i u --n ■■ r ■* • » t « 1 Li i < J i « i « i « • « 






| , 




















II ' ■ i ! ; 1 i 1 1 


| , 




:,■■!■:: 




. . . : 








. . . ! 




1 i 1 i 1 1 1 








1 




,:;;..; 


. ,] , J 


L_J 




■ i | 1 : : 




. 








_X ' -L.LU ' 


. .iuoxuj.1l 


. . . ■ ^L 






1 







GROUP 20 



SUBPROGRAM LINKAGE 



GROUP 20 
SUBPROGRAM LINKAGE 

1. Entry ENTRY 

2. External EXT 

These are the instructions that allow communication between subprograms. Neither 
of them generates words or uses up memory core. When the symbols are extracted, 
they are entered into a symbol table for cross-referencing at load time. 
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FORM: 



The ENTRY Instruction 



LOCATION 



DPERATNKMODreS 



AODRESS FIELD 



COMMENTS 



MAi , 



J.EL. 



-j-L 



' ' i L~L_ 



This instruction declares alphanumeric symbols within the subprogram as entry points 
which may be referenced by other subprograms. An entry point must be defined in the 
location field in the same subprogram that it is declared. Entry point symbols must 
be unique. 
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FORM: 



The EXT Instruction 



LOCATION 


OPERATIORMOOIFIERS 


ADDRESS FIELD 




COMMENTS 






■1 11 11 ' U> Hi M- III!* ItitO J. 


„„„.,„ „,„„.„,, „„,„,. „, 


i 


„,„,.„.„., 






^XT !n> ; 




i 




r 


i s i ■ I I i 


i i 



This instruction declares symbols that are external to the subprogram in which the EXT 
instruction occurs. Symbols are declared like they are on the ENTRY instruction. At 
load time external symbols are assigned the value corresponding to the symbol in another 
subprogram. 

For every external symbol, there must be a corresponding entry point. The converse 
is not true. 
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NEW CONCEPTS OF GROUP 20 

The concepts given for this group may represent the most important information con- 
tained in this manual. Not only is the communication between subprograms discussed, 
but also communication between subprograms in a multi-bank system. This is especi- 
ally important for the 3600/3800 systems programmers. 

The discussion is divided into two parts: 

1. A discussion of subprogram communication in a one-bank system. 
This applies to the 3400/3600/3800 systems. 

2. A discussion of subprogram communication in a multi-bank system. This 
applies to the 3600/3800 systems. 

1. Subprogram Communication in a One -Bank System 

We already know that a subprogram consists of the instructions from IDENT through 
END. We have solved problems using this basic subprogram form. Now let's discuss 
subprograms further and introduce new ideas and definitions as we go along. 

We speak of a subprogram as being a closed routine. By this we mean that all symbols 
are local to the routine. This means that, within a subprogram, any symbol in the 
address field must be declared in the location field, unless the symbol is declared 
external to the subprogram or in Common (discussed later). The symbol then becomes 
global (opposite of local). 
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Subprograms can be assembled together as such: 



LOCATION 


0PERJmON,MO(MFeS ADDRESS FIELD COMMENTS 




,-. ,) V, m ■ .. ,. *!» 1 nm.li «.!.,).■» m u, ii, n, m UiW -tt< T ■ Kill 111 4*111 <UIMIUII1ia>» Will IMU M l«l >•' WIB- ltl*C il'.IH 1 H,«,rt |«I,H ; 11 | 15 I M I » 
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ZMNT , , l& , ,a^i ^.<-,.,..^.. ,^., _L_^_^..._. u ..... .. ..... , ,^, ^l^ 
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1 J ....._. j_ L1 
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■ !_ 
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:!'!!!! 


£x/£Ll . ^ ^L .... x_,...^..^..... ,.,.... , !,,,,,,, , , ,. , ,..., ,..^_ 



Each subprogram is assembled as a separate independent subprogram. The first sub- 
program is usually referred to as the main subprogram and the others as sub -subpro - 
grams. 

If a subprogram is to be entered for execution, an entry point into the subprogram must 
be given. This is why you see at least one entry point for each subprogram. 

How do we know which subprogram program control is initially going to enter? This 
is specified in the address field of one of the END instructions. This symbol is an 
address which is declared an entry point into one of the subprograms. This is called 
the "transfer address", the address to which program control will initially transfer to 
after the subprograms have been loaded and are ready to run. Note in the example 
above how subprogram A will initially be entered. 

Program control actually starts at that address +1. At the address is stored a 48-bit 
instruction that, when executed, will return program control to the monitor. This is 
why, at the end of a subprogram, an SLJ is made to the entry point, which executes 
the stored instruction. 
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Now how does the programmer transfer control from one subprogram to another? He 
does this by declaring a symbol external (EXT) and jumping to it. Of course, the sym- 
bol must be declared an entry point (ENTRY) in the subprogram jumped to. For a one- 
bank system the subprograms might look like this: 



LOCATION 


DPERATION,MODraS ADDRESS FIELD COMMENTS 








XhEjJf, . , , !A , ,!.,,..:, .__.... .. _, , ^, :., , ,.^,^... .!_, ,_ 








-... | | •., 




* 1 1 ■ • , ■ a_j_l_ 




&L. ^ ■ Su& ^_, , ^^ ^ ■ L„,.^.,^....„ ,._ ^ ..: , . ,.^.^...^._ 
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* ! ! 
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Sutf . , , , 


3,LJ, ,,,,!*-.* ; . 1 ;:::::: I i ; ; 1.1.1^.^.1 i _ LJ _ J _ J _ J _ i _ J _. 








1 I 




I r j ( . l ; , , 




uj: fe«ji , . , , , , , , I , , , , , 


, : ; : : 


EjJQ^. ^ _ L ]_ A ■_ L _L-l...i_ 1 _i_ 1 _L_^ 1 -L..' ■ ■ .J-L-L.. i.a.-L-JL-l ■ :. .. !.._..., .., . ■ .. > ..^. J _l_ 1 _ J _ J _i_J_ L _ 



Here, the second subprogram is treated as a subroutine to the main subprogram. 
Notice how the symbol SUB is declared external in the first subprogram and an entry 
point in the second subprogram. 

When the "return" is made from the second subprogram to the first, it is not necessary 
to declare an external sj^mbol or entry point. The return is taken care of automatically 
by the hardware. A SLJ is made to SUB which will return control to the first subpro- 
gram, to the point from which it left off. So we might say that EXT-ENTRY declara- 
tions are necessary going in the forward direction but not when returning. This con- 
cept is especially important when nesting subroutines. 

EXT-ENTRY instructions can also be used to reference data outside of a subprogram. 
Consider the following: 
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LOCATION 


0PERATION,MODFIERS ADDRESS FIELD COMMENTS 








Xasill JjA... , , , , , , , , ,,...,! ,,,,.,,, 


I i : . i 1 1 1 
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Note how the data is read and stored outside the subprogram . In fact a whole table can 
be read or generated outside a subprogram by means of the EXT-ENTRY instruction 
and an index counter. By using the EXT-ENTRY instructions we make the symbol 
global instead of local to the subprogram. 

2. Subprogram Communication in a Multi-Bank System 

Assuming we know a little about subprograms existing in one bank, we now discuss 
subprograms existing in more than one bank (3600/3800 systems only). Here we have 
to be careful, because we have two bank registers to consider, one for instructions 
and one for operands, and it becomes easy to reference the right address but the wrong 
bank. 

Subprograms in a multi-bank system may be interspersed through memory; a few in 
bank , a few in bank 1, etc. However, it is important to note that each subprogram 
must be wholly contained in one bank, i. e. , one part may not be in one bank and the 
other part in another bank. 

Unless the programmer knows for sure that subprograms are loaded into the same bank, 
he normally makes use of the bank designators given in the Compass instruction formats. 



20-7 



when transferring control from one subprogram to another or referencing data in an- 
other subprogram. 

Let's assume a simple example. Suppose subprogram A is in bank 1 and subprogram B 
is in bank 2. Control can be transferred from subprogram A to subprogram B as follows: 



LOCATION 


OttMnOMHOOflERS ADDRESS field comments 


. |i-i |i|i IM r,« 


„ ,.„!.,„ „.»„',»,»,„.„,»„„„„ „,„,„, ,.„„„!, , 
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•,_ . , ^__J_^ '!■■■! 1 
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. _iiii t._j_ i ; i 1 i i ; i i i i [ j i 1...1. l i i i i i i i 1 i i i i i i l . i i f i ( , , i i i , i j , , , , , , , , , , 


1 r i j i 1 1 


.fcJL.^^J^,. . ._.,.,, . .1 
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In this case the symbol is again declared external. In order to transfer control across 
banks a bank jump instruction is necessary, and in this case a BRTJ instruction is 
used. The second subprogram is then treated as a subroutine. It will process oper- 
ands in bank 2. 

Now let's suppose the same problem as above, except that in subprogram A there exists 
a table of 100 locations starting at TAB. When the return jump is made to subprogram 
B, it is to process the data beginning at TAB in subprogram A. Here is an example of 
what is needed. 
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Tab,. 



LOCATION 



DPERATWlMODreS 



%&&*&- 



us^ 



fis& 



a.. 



ADDRESS FIELD 



COMMENTS 



jJiM- 



A> 



SXJL 



& 



Mxr, 



Mil. 



Z&MdL- 



ELtrM. 



££L 



&SS. 



UL^.„ 



.Ltai- 



sj£l 



._I_..L_J.._X..J_.J_ 



cZdAA^i. 



MMj WjMj >t;» i' 



M2L 



A 34 



_j_i_i 



CA).fl«J, 



ifl_ 



It^a. 



£4fi_ 



lfl_u 



^...j_.j_.i.._i...x... 






1 1 J J L-L..J— .1_1._L..J_. 



JX^j^^i^.. 









i_ l„i.._L...i_.i_ 



Any time a symbol is referenced outside a subprogram, it must be. defined as an ex- 
ternal symbol and elsewhere as an entry point. 

When the subroutine is entered, the Operand Bank register is 1 from the BRTJ. For 
this reason no bank term is necessary on the LDA instruction (LDA is added just as 
an illustration). It will load the first word at TAB. If indexing was used in the sub- 
routine, the complete table at TAB could be processed. 

The previous two examples dealt with subprograms that were each in a given bank. We 
could use numeric bank designators so that we made sure that we referenced not only 
the right address, but also the right bank. But what if two subprograms exist in two 
different banks and it is not known which bank they reside in? Can there be communicar 
tion between the two subprograms? 
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Yes, there can be, and it requires some more definitions of bank designators. The 
bank designator may be one of the following symbols: 

1. Bank Designator Meaning 

$ The bank that the associated symbol 

resides in. 

Example: LDA ($) NUM 

Meaning: Load A from address NUM from the bank 

in which NUM resides. NUM would be de- 
clared an external symbol, and in its sub- 
program, an entry point. This instruction 
actually changes the Operand Bank control 

to the bank of NUM and will remain there 

« 

until it is explicitly changed again. 

2. Bank Designator Meaning 

* The bank that the instruction using this 

symbol resides in. In other words, the 
bank of the associated subprogram. This 
instruction actually changes the Operand 
Bank control to the bank of the present 
subprogram and remains until it is ex- 
plicitly changed again. 

Let's assume that in subprogram A we wish to form Z= 3. 5X-6. 7, but that 3. 5 is in 
subprogram A and 6. 7 is in subprogram B, both in floating point form. Here's how it 
could be done. 
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LOCATION I kHRffWKMOOIFIERS ADDRESS FIELD 



COMMENTS 



\Xjf>M MJm 



jim-MllllltiHllti: 



.Zh£dL-^Jl 



Qim±_ 



]/L 



&L_ 



c&d^i 



I i I I i : I 



&&- 



om 



a^. 



JiCA-L . 



U&a-jUL 



i- 



?,ss 



&S5_ 



y&i. 



&C, 



fiM«. 



MsZti.. 



&^T2JL^A&TM^Md!fL 



*£EL 



L£iMl 



■>1A. 



'Ofe 



WmiJi, TMSMaUl 



SULl. 



Bh/ D . i . i -i-u- 



1 1 I i i 1 i i_.i_ 



JzTaJ MfaMM* Baa/j{ , 



T££hGL±-x^ 



iS_ 



I I t i I 



:toi." 



^l/z&! 



l6U^A&- 



QfiL 



J^^-LJ- 



-.-i_.L_i..._L..J_.l- 



..„L..J_L_1._J_..J L_L_ 



SLJkj 



_..L_1.„L.J i_ 



This is how we can reference data in another subprogram, process it, and return 
answers in the initial subprogram. 
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Problem 20: 
Write a subprogram that will add 10 fixed point integer numbers starting at address 
ELEMENTS and store the result at address SUM. The numbers, however, are in 
another subprogram. 
Flowchart: 




Add 10 Numbers 



Store Result 
At SUM 




Problem 20 could be solved by coding in the following manner: 



LOCATION 


DPERATWIMODIFIERS ADDRESS FIELD COMMENTS 




i i 




lp,BJ,f , , . ,'A 1 ■ , . , , 


^___. 




1 . ■ . ■ 


ftitf. \£L£fl£tffs 1 , 


S^L i ..■ ,l 


.SSS.. .^. :..,-, ll ,^. ...!_.: L ..^ ■_!_. ^ .. J ..... i_ 1 _L_l_L J _^ ^. XJ _ J _ J _ L _ i _ L a_l_L J _i_^ .^ 


4^..,... 


ess la i 




£MIi Clj.i | ,,,,.,,.,, , 1 , , , , , : : , , , , , , 1 , , i 




-DA \Ci)Etem>JX$-,& , , . , , \ 


Mol^„ 


Am,^ ^ ■ ^£LfMjJTS±UX . , , .^^_{ ,^ 1: L ..,..^ IiL1Jil L , 




z^/c £,,* ! 




;?ZJT MOOT 1 




>7# , \C*)&W . . \XtJTMS, BM^ 








ah 1 I 


t 1 1 i i i : 


i i 



In another subprogram would be the table ELEMENTS and the symbol declared as an 
entry point. 

Student Problem 20A: 



Write a subprogram to calculate S = . 5MV-3. 5T in floating point if S is local and M, V, 
and T are external. 
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Problem 20A could be solved by coding in the following manner: 



LOCATION 


KfftmttLMODflERS ADDRESS FIELD COMMENTS 


,„,,,.,,„,,,. 


< 'llll II U'll 14 U » | 1 











































, , 


, , ! , , , | 






, 


| | 






i i i . i i i 


, ! . . .... J.. 






:,:,.:: 


. . , , . ■ i ■ . i , , . ' 








j 






, , 








,:,..; 


..... i , , j 






■ ■ ' 


i ■■ ! ■ ■ i ! 






1 It 1 1 ' ( 


_ ^-■■J_u-^^...J_-J_i.._LJ--.i_J-U,a,..J^..-i..-L....L-l--L...-L. 1 i , ,i J-...l,.U...J-LLJ..J-J-J^.^..i^U-J-.iJ^..J-..i_LJU-J^^..J..X.i-. 


1.1 i 


1 
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GROUP 21 



SPECIAL INSTRUCTIONS 



Group 21 
SPECIAL INSTRUCTIONS 

1. Equivalence EQU 

2. Bank BANK 

3. Enter Operand Bank ENO 

4. Call CALL 

These instructions do not fit in any group that we have discussed so far. They can be 
helpful to the programmer in order to perform various functions. 

The first instruction equates a symbol to a numeric quantity or expression. When the 
programmer references the symbol, he is referencing the quantity. 

The second instruction allows the programmer to define which bank each subprogram 
is to reside in. By doing so he can position his data better and keep the execution time 
of his program to a minimum. 

The third instruction enters the Operand Bank register with any bank term so that 
future operand bank references will be taken from that bank. 

The fourth instruction is a pseudo instruction that is placed in the executable portion 
of the program. The reason is that the assembler converts the CALL to the two 
instructions: 

1. EXT 

2. BRTJ ($) , ,$ 



The first instruction defines the called name as being external, and the second instruc- 
tion performs a bank return jump to that name, setting both the Instruction and Operand 
bank controls to the bank in which the name resides. 
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The EQU Instruction 



FORM: 



LOCATION 


OKRITIONJWOflERS 


ADDRESS FIELD 


COMMENTS 






.,„,„,.,....,. !„„ 


i 






'1 '.'.', '.'.'. 


f$U m ,,,,,. I ,,,,, , 


1 ! ! i I 1 i 


J i 



The EQU instruction equates a location field symbol with an address field expression. 
Any symbol in the address field must have been previously defined. The symbol in the 
location field will be assigned the value in the address field wherever it is found in the 
subprogram. 
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The BANK Instruction 



FORM: 



LOCATION DPERATBN.MOOIFIERS 



ADDRESS FIELD 



COMMENTS 



BAhllL 



UlMM>l^JA£^ 



The BANK instruction defines into which bank subprograms are to reside. The address 
field contains one or more bank terms, each followed by one or more names which 
represent entry points or common blocks. 
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The ENO Instruction 



FORM: 



LOCATION 



OPERATttlMODIFBS 



ADDRESS FIELD 



COMMENTS 



&&- 



The ENO instruction is a hardware instruction that changes the Operand Bank register 
to any one of the 8 possible banks. If this instruction changes the Operand bank re- 
gister, it will remain so until it is explicitly changed again. The following two sets 
of coding will do the same thing and each set takes up 48 bits. 



Set 1: 



Set 2: 



ENO 
LDA 

LDA 



2 

DICT DICT IN BANK 2 

(2)DICT DICT IN BANK 2 
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The CALL Instruction 



FORM: 



LOCATION 



DPERATMHMOHFIERS 



ADDRESS FIELD 



COMMENTS 



SHALL. 



yjM^ 



The CALL instruction defines the symbol appearing in the address field as an external 
symbol and assembles a bank return jump to the symbol. If NAME is a symbol, the 
assembly would take place as follows: 



CALL 

BRTJ 

EXT 



becomes 



NAME 

($)NAME, , $ 

NAME 



The bank return jump is made to the bank in which name resides. The Operand bank 
register is also changed to that bank. This instruction is much like the Fortran CALL 
statement which can call a subroutine. 
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NEW CONCEPTS OF GROUP 21 

The EQU instruction can be used to equate symbols to numbers. The programmer can 
refer to the symbol instead of the number, and can remember it easier since symbols 
are easier to remember than numbers. For example, checking for the symbol COMMA 
is easier than checking for 73B. 

The BANK instruction will allow the programmer to place the most interactive sub- 
programs in the same bank so as to minimize the execution time. 

The ENO instruction is simply a convenient method to change the Operand bank control. 

The CALL instruction is also a convenient method to transfer program control to an 
external subroutine. 
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Problem 21 : 

Given: Subprograms A and B 

Subprogram B is a subroutine to subprogram A. Subprogram A is entered 
first. 

3X-2Y 

Write the subprograms, such that, subprogram B will calculate Z = ~ 7 in floating 

point if X, Y, and Z are in subprogram A. Subprogram A should then form R = 5MZ 
where M is in subprogram B. 

Flowchart: 



SUBPROGRAM A 





Subprogram B 



Form 
R = 5MZ 




SUBPROGRAM B 
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Problem 21 could be solved by coding in the following manner: 



LOCATION 


0PERATION,MOOFI£RS ADDRESS FIELD COMMENTS 




1 ! 




"imk.^ . .JZ ^ , .,_,.....,... , _, ., ,. i. . ,.. _, __. _ ^ ., . 




Ea/xr^ . . , . l^.*,,/.?. ! , 




,£CL. .^ . J^L ,...., ■ .... , . ^ ., .• -.L ,_, _ : _ . i . X U. .-x 1.. , ■ ^ L . > ■ ■ 


t ■ 


ass la \Assw\£ .FLMfidA fAim 


1_ .- 


SS5 , li . . \lknfte#s PRtefpREb . . . 


2 


.6SST^^_. J7. _..._., ,_..,_ , ^ ^ . { .,....,_.. . 


*L - 


6s5 11 , , , , . | , , 


*..,... 


Es5_ . . , . , H ,,,,..!. ,,-,,,,,.,.,... 


■ : , : - 


ilALL ,. ,.. JS .... ..:,.,,:... ....£# /"/ /«*/>. ?^^if -0 TfiJSL. 




c m !=n£. la**/* . 


■■ 1 1 1 i 


,e^,, ^xJ^a -■.. ^u ■..,.., ..... feamki- UJIUX _, 


: ] ' 1 1 . . 


5,7/4 . ■ ■ ■ , 1 1/? ■ ,..,,,,,< , ■ ■ ■ : . .• .k"|3W? , : _ ,,,,,,,,,,..,,,,,, . 


t 1 i j i [ , 


.so^..^ ^. _.,.... _.....! 


t 1 1 1 ! ' 


..SlJXL, i_.J_._i. ..j_.,_l_i_l_ 1 _l_i_ 1 _.. J _L_l _.___., .!.. L 1 . : 1 1 , , 1 , , , , 


t ' i i i 


T^Bl/TT, , , , !fi I:..,,., 


: 1 1 1 1 t ' 


^a^^A,,, ,, . , , 1 


, 1 i : ; j , 


3tfT. iXi.V.,.* 1 , ■.,,,,., , . . , ■ _ 


«l 


.__£______. , I* , , , , ! 


s^....... 


■ "A ^t 1 ! 1 1 I 1 Vh\ '■ . ! _ i ! : 1 1 ■ 1 ! . i I ! ! 1 | | j ! . . ! : i__J = . 1 = =_■ . _j___: : _J_ j_ 




M...U ■ K , . . ,..,,,,.,, . 1 . . 


1 1 i 1 t 1 I 


c m V$\~m- ! 


■■ • t 1 t I 


rSR ... i.fiyj, i . . i i , i i_j • . i u. mi x _.__ . 


■ .... 


._i_S __ _.. ..!:_ lav-Ay 


1 = I I . 1 


fM Yx),=P,7. ! 


i 1 i 1 


.___£_, . . i . I#j£ ,, . . , ■ , , ■ . , i^ _/_____ __. __ ., __.__, . . .__ 


1 1 ! 1 1 ' 1 1 


_ S___ . 1 1 !_L._l_.^S | ■ __ .... j_j_i . ,ii,ii ■ . :■,,__: . __ __._,__ , __ , 


, 


-£MLL ■. ■ .X_i_l_L ._.!......... ... ■ . .______. 1 ... , , . . _. __j . 


i, | i t ! ! ) 


1 ! 



Student Problem 21A : 

Given: Subprograms A and B 

Subprogram B is a subroutine to subprogram A. Subprogram A is entered 
first. 

Write the subprograms, such that, subprogram B will compare floating operands at 
point X and Y, store the larger in the A register, and return. Subprogram A will 
then form Z- = 3. (A)+ 5. 2X in floating point. Assume X, Y, and Z in subprogram A. 
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Flowchart: 



Problem 21 A could be solved by coding in the following manner: 



LOCATION 


0PERATKJN.MODFIERS ADDRESS FIELD 


COMMENTS 






.„.„,„!„,„ „,„,„,.. „ „,.,„,«,.,.,„,. ,.„ „,. „..»,»„.,» 
















J ] ._ 




! i 


, , ! , , 




i . ■ , , i , 


! 






..!,., 




















\ | 












, j . | . , , 




. | . , j 


















i . j_. _,_!-. i ... ■ 






L 






I ! 




j ,.,.,1 






^_,.^.. 


-} --■• 


- + — -- -- 














! .■■ 1 - 1 i I 


„ , _.^... ^ i^..^..^_.._...^_....,._ 


- i,..^..-,..^, .. , ^ ,_ ., ... ,..^,^., J ...^.. 1 _.,_ 
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GROUP 22 



GLOBAL STORAGE ALLOCATION 



GROUP 22 
GLOBAL STORAGE ALLOCATION 

1. Block BLOCK 

2. Common COMMON 

3. Originate Relative Counter ORGR 

The first two instructions declare a block of storage which is not within a subprogram, 
but common to it. These instructions are comparable to the BSS instruction except 
that it is local and these are global. 

The third instruction originates the relocatable counter to any position in the common 
area. The normal instructions used to prestore data (DEC, etc. ) follow this instruc- 
tion. The data is then assembled into the common area. 

The instruction ORGR * returns the relocatable counter to the point from which it left. 
The instructions following this instruction would then be assembled within the sub- 
program. 

The ORGR instruction can also be used to prestore data in the subprogram. 
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The BLOCK Instruction 



FORM: 



LOCATION 



0PERATWH,MOOIFIERS 



ADDRESS FIELD 



COMMENTS 



1TZZ 



3i&£,^ 






The BLOCK instruction defines a block of common. The name of the block is defined 
by the symbol in the location field. There are three possible types of common. 

1. Labeled Common 

2. Numbered Common 

3. Blank Common 

1. Labeled Common is declared if the location field contains a legal alphanumeric 
symbol. 

2. Numbered Common is declared if the location field contains a number. If it does, 
all characters must be numbered. 

3. Blank Common is declared if the location field is blank. 

The definitions of these types of common are given later. 

The value in the address field specifies the total maximum length of the common block. 
The value must be greater than or equal to the total length specified in subsequent 
COMMON instructions. 

An address field containing zero or blank will set no limit on the size of the block and 
the size is determined by the amount of storage words declared by the subsequent 
COMMON statements. A block of common may not exceed one bank of memory and 
must be self-contained in one bank. 
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The COMMON Instruction 



FORM: 



LOCATION 



DPEMTWlMOOraS 



ADDRESS FIELD 



COMMENTS 



MiA^^X&Ci^u 



•X 



The COMMON instruction follows the BLOCK instruction and declares the arrays to be 
declared in the common block. The address field consists of one or more subfields, 
each of which defines an array to be included in the block. 

An array is represented by A(i, j , k, . . . n) where the number of words reserved is the 
product of the dimensions. 
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The ORGR Instruction 



FORM: 












LOCATION 


0PERATfflN,MOOIFIERS 


ADDRESS FIELD 




COMMENTS 




,.]■,;, , ,.,, i J 


i 


.„,.,..,.».„„„.»,.„ 


i 








4&&L, , ^_L.. 


. , . 


1 






i = , i : 


1 

. u.... I _^_L-_i ...1. j_.: 




1 

_ _:^_L ........ .. ...... 


...... 





The ORGR instruction may be used at any point in the subprogram to initiate a sequence 
of instructions or constants at a location different from the current program location. 
The address field contains an expression which must result in a program or labeled 
common relocatable value. Subsequent instructions or data words are assembled se- 
quentially, beginning at the location specified by that value. This sequence continues 
until another ORGR instruction is encountered or until the end of the subprogram. 

The number of words assembled into a labeled common block must not exceed the length 
of the block. The address field expression may not represent a location in numbered 
or blank common. 

When the main subprogram storage assignment sequence is interrupted by an ORGR, 
the subprogram location counter is saved. An ORGR* will terminate the assembly of 
information into an area and return the location counter to the subprogramto the point 
from which it was interrupted. 
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NEW CONCEPTS OF GROUP 22 

By having data stored in a common area, subprograms can reference the data without 
use of external symbols or entry points. The common area physically is a self-contain- 
ed area but can be referenced quickly and easily if it is declared common to any sub- 
program. If more than one subprogram declares the same common area, any of them 
can reference it. 

There are three types of common as defined on the BLOCK instruction. 

1. Labeled Common 

2. Numbered Common 

3. Blank Common 

LABELED COMMON 

Labeled common is a common area which is external to, but in common with the sub- 
program that declares it. Assume subprogram A declares a labeled common area. 
When the subprogram is loaded, it occupies highest core of the highest available bank. 
If a system consisted of three banks, the subprogram and common area would be loaded 
like this: 



BANK 



-0 




BANK 1 



HANK 2 



Labeled Common 
Area to Subprogram 
A 



Subprogram A 
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If subprogram B declares the same block of common by specifying the same symbol on 
its BLOCK instruction, the subprograms will be loaded as such: 



BANK 



BANK 1 




BANK 2 



-Ol 



Subprogram B 



Labeled Common 
Area to Subprograms 
A and B 



Subprogram A 



From this, we can see that labeled common normally precedes the subprogram that de- 
fines it, and any other subprogram that defines it is simply loaded and has access to it. 

Labeled common may be prestored with data using the ORGR instruction. Usually the 
first subprogram will doit. 

A common area may also reside in a different bank from the subprogram. that declares 
it. Care must then be taken in the subprogram to specify the bank term when referenc- 
ing the data. 

NUMBERED COMMON 

Numbered common is a common area which is external to, but in common with the sub- 
program that declares it. Assume subprogram A declares a numbered common area. 
When the subprogram is loaded, it occupies highest core of the highest available bank. 
The declared numbered common occupies the lowest available core of the same bank. 

If a system consisted of three banks, the subprogram and common area would look 
like this: 
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BANK 



BANK 1 



BANK 2 








Numbered Common 
Area to Sub- 
Drogram A 







Subprogram A 



Other subprograms can declare the same numbered common if the identical number is 

declared on its BLOCK instruction. Other subprograms would be loaded just previous 
to the given subprogram. 

If a system has only one bank, bank 0, you will note that a problem arises with respect 
to the loading of numbered common. Scope cannot be destroyed or the monitoring of 
the subprogram will not take place. For this reason numbered common starts between 
Scope and the loader. Since the loader is needed during the loading operation, it is 
alright to reserve a numbered common area with the BLOCK and COMMON instructions 
but it is illegal to prestore data in it since the prestored data would overlay (cover) the 
loader and wipe it out making loading impossible. For this reason it is illegal and an 
assembler diagnostic to attempt to prestore data in numbered common and blank com- 
mon (as you will see later). It is legal always to prestore data in a labeled common 
area. 

BLANK COMMON 

Blank common is just like numbered common (in fact, many refer to blank common as 
numbered common), except that each blank common declaration overlays the previous 
blank declaration. This is because there can be no distinction in the location field of 
the BLOCK instruction since it is always blank. On numbered common, different 

for labeled common. 
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Problem 22: 

Given: Subprogram A 

Labeled common block Bl containing address symbols P, R, S, T and the 

floating point constant . 5. 

The subprogram and common areas are in different banks. 

Write subprogram A so that this area is generated and then form 
P = . 5R(S+T). 



Flowchart: 




5» Form . 5R(S+T) 



Store At P 




Problem 22 could be solved by coding in the following manner: 



LOCATION 



«*RATION,M0OHERS ADDRESS FIELD 



COMMENTS 



!. i Ki.!Li»lL!..i«l»_L.K 



XhhlLx. 



'A. 



~i-J L-J..-L... 1,1 i L_ 



ii_l_l_l_ 



BUM. 



A^L. 



SMe^A 



Mh&~ 



EJLl^LLMli^ 



£M1^- 



.PEL. 



•5T 



(L 



SMA 



I* 



££§_ 






]ZL 



ma 



VMi , 



..J_..J_.!._I.-L..-l_l.-^i...X...l__.J__J..._L..J_. 



_L.._L.i_i _i_ 



s&L 



E^ 



sOT, 



fi/D. 



Ja_i_i_i_i_i_L_i_i_i_i_i_ 



Student Problem 22A: 



Given: 



Subprogram A 
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Flowchart: 



Subprogram B 

Labeled common Bl containing addresses P, Q, R, S, T, M, and floating 

point constants . 5 and 36. 

Write subprogram A to generate this area and form S : . 5P(Q-R). 

Then CALL subprogram B and form M = 36 g + T 

Then return to subprogram A and exit. 

Assume the subprograms and the common area in different banks. 



Problem 22A could be solved by coding in the following manner: 



LOCATION 




DPERATION,MODIFIERS 


ADDRESS FIELD 


COMMENTS 






„,„,„,„ u „„ l „j„ 1 „ „ 


















■ 


,,,.,,, , 






■ J_- . . j_i_,.._L...i..., L 




, , , . , . . . - . : : * 


























, , 
































■ l • i ■ I l 1 ' 1 1 1 , 1 


, , . L ^ 










































: 1 < 1 < t 1 
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GROUP 23 



PROGRAMMER MACROS 



GROUP 23 
PROGRAMMER MACROS 

1. Macro MACRO 

2. End Macro ENDM 



The two instructions listed above are the beginning and ending instructions of a macro 
definition. The macro definition must come immediately after the IDENT instruction. 
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The MACRO Instruction 



FORM: 



LOCATION 



DPERATMUMODHERS 



ADDRESS FIELD 



COMMENTS 



r: 



LfjBiCdnaix 



4&ABJL1 



yjijx^mse 



Uj^sX 



The MACRO instruction signifies the beginning of a macro definition. The location 
field contains the name of the macro. The name of the macro may be any legal alpha- 
numeric symbol except IDENT, END, MACRO, IFT, IFF, ENDM, LIBM, or SCOPE. 

The address field may be blank or may contain a set of formal parameters. The formal 
parameters are also placed in any field in the macro definition and are substituted by 
actual parameters during the assembly of the subprogram. The set of parameters 
should be enclosed in parentheses. 

Formal parameters are separated by commas and must be legal alphanumeric symbols. 
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The ENDM Instruction 



FORM: 



LOCATION 



VERMONJUODFIERS ADDRESS FIELD 



COMMENTS 



i«l«|[|<l.imii:^ i n:»:li;>lilli*l»r 



£MMl> 



-L.-i— i_ l._L._L-..l_J L_ 



The ENDM instruction terminates a macro definition. 
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NEW CONCEPTS OF GROUP 23 

A programmer macro is an inline subroutine. The macro is defined and then it may 
be called at various places in the program with parameter substitutions. Each time it 
is called, the macro is inserted within the subprogram and the coding is assembled. 

If a macro is defined, it must be done so immediately after the IDENT instruction. 
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Problem 23: 



A two dimensional 3x3 array is shaped according to the matrix as shown here: 





ARRAY 




All 


A12 


A13 


A21 


A22 


A23 


A31 


A32 


A33 



The array is arranged in row-column fashion where A(l, 1) represents row 1-column 1, 
A(2, 1) represents row 2-column 1, etc. 

The array exists in memory as one column as given here: 



1. All 

2. A21 

3. A31 

4. A12 

5. etc. 



From this it is apparent that element All is in address A, element A21 is in address 
A+ 1, etc. 

Write a subprogram that will; 

1. contain a macro that will return in the A register the contents 

of the memory address of an element specified by its coordinates, 

2. multiply the diagonal elements All, A22, and A33, in floating point 
and store the result at Z^ 

xi z-\\i, j/ represents a given array, an eiement n.\i, j/ oi tue array can be converted to a 
memory address by the formula; 

A(i,j) = A + (i-1) + (j-1) *I 
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Flowchart: 




Form Product Of 

1, 1), A(2,2), 
And A(3, 3) 



>A( 



Store At Z 




Problem 23 could be solved by coding in the following manner; 



LOCATION 


EKRffrKHMOOFERS ADDRESS FIELD COMMENTS 




i 

■ 1 M | |J | U : U : U| M ! IT | 1* i tit Hill i M 1 J* 1 31 i H :kll7<ttlWl»llt!tt!*llMlig ■ M : » i » 1 1» 1 ■ 


.„.,„.«,«,.,«,.,»,..„,....«,.,.....„..-,.,■-.-«.»,.,.,.,«,-,>.,» 




1d,ehJt , , , j*0tawl . , , 




?!fi7MJ, 


MAc/# , , , . |f,PJ J1 « 1 ) 






Z.04 k+tihKtofa-A 


fyfi/Vmr^D MMzss, 




£MDft ,,,,.! , , , , . 






fii/rAs/, . , , . hAT/HUL 




? 


25S-S i li i 




4 , 


S^ J?, 


i/WM 


MTMUL , 


.ASS .,,,..&., . . , , ,...,.,, ,,,.,. 






?£WtfM/, , , IC^l) 






572 Iff 






QETupiJ , . !«« JJ 






mn k ■ 










1 1 t r i i i 


qgrufw , , , Ki^J, 






?M k , , 






su & 






:SWT h^JWr 




_i_L_' i_L • .' . 


PAfi) I...1 l. 1 i , ! 1 1 i I. I . I I 1 1 i , I , ; i : i ; . 1 ; I • • , ......^ . .., _i_. _ 1 _ J _,_ t _ 1 _..i_ Jl .. 



Student Problem 23A: 



Assume problem 23 conditions except here we have a three dimensional, 9x9x9 array. 



Alll 
A211 


A121 


A191 


A221 


A291 


A911 


A921 


A991 
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The second through ninth planes are suffixed with the same numbers except the last 
digit is two through nine. Write a subprogram that will; 

1. contain a macro that will return the value of an element 
to the A register if its coordinates are given in the macro 
call. If the memory layout is again like problem 23, the 
formula is; 

A(i,j) = A+(i-l)+ (j-1) *I+(k-l) *I *J 

2. form the product of the diagnal from one corner to its opposite. 
This would include elements Alll, A222, A333, etc. , all multi- 
plied. Store the result at address Z-. 
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Flowchart: 



Problem 23A could be solved by coding in the following manner: 



LOCATION 


QPERATIOHMOOffERS ADDRESS FIELD COMMENTS 


t I : > ■ t 1 I ' 4 ' t • 


nilliu:ii:li „ !,„„ „■„,*,».,..»-.,.,„. „„„.„„„„„„„,. Wi „L„,., ..,.,,„,„,-,,., *.„.».„ «,»,» 


, , : i 


, : _ : , , . t . ; * I 


, 


. ■ . ; ■ ; 1 x- ■ ■ ■ . 1 


1 \ • > 









,,.... 












1 ' 




■■ ' ■■ 1 i 






: : :■ i i i ] 1 i ! i i i i ■ | | | | ] > i _j i ': _j_ : ■ _j_ ; ' • j_ j j __i _j_ j j l . ■ 


! | ■ 1 1 , : 




I 




i ; i i i i , 


, : = , , , 1 : | , , j ■([ = 


.,,,,, : 


; t : : . : ( j . ( . ,. ! i t . : ( . . | : ( ( ( 


, 


,:,,!,,. , ! 


; 1 ! 1 1, ! ' . . 


■ 1 1 ■ 1 ■■ 1 1 1 i i ■■ . ■■ ■■ ■ - i i ■ ■ ■ 1 


1 : = i 1 i 


--L-J— L 1 l_l — 1 — 1 — 1 — 1 — i — L-L -.ill _l_L_i_i_.-L.-l-X-LJ- ' - _l 1 L ' 1 J i 1_.J L >->.< L L..J_.J_i *.'..■ 1 ' ' 1 1 1 1 


..,.,>. 





23-8 



GROUP 24 



ECHO AND IF INSTRUCTIONS 







GROUP 24 






ECHO AND IF INSTRUCTIONS 


1. 


Echo 




ECHO 


2. 


If Non-zero 




IFN 


3. 


If Zero 




IFZ 


4. 


If Inequalities 


IF, s 


5. 


If Upper 




IFU 


6. 


If Lower 




IFL 


7. 


If True 




IFT, s 


8. 


If False 




IFF, s 


9. 


End If 




ENDIF 



The first instruction is a pseudo instruction that repeats a succeeding series of instruc- 
tions or data. Each time the series is repeated different parameters can be substituted. 

The other eight instructions are pseudo instructions that answer questions at assembly 
time. Should the assembler assemble a series of coding or should it bypass it? If yes, 
the succeeding coding will be assembled and entered as part of the program. If no, the 
succeeding coding is skipped. 
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The ECHO Instruction 



FORM: 



LOCATION 



QFER/m0N,M0OflERS 



ADDRESS FIELD 



COMMENTS 



n 



i 

■.|» j w|w 



B.iiUfljj*.'-ii!tia.tJii.<LL*«ii 



^ML 



'm^JlLs AX, M ^ •; • ! >, ,m S^ > A A, i • i • ,^X 



The ECHO instruction is a pseudo instruction that causes the succeeding m lines of 
coding to be assembled n times. Each time the m lines are assembled, actual para- 
meters a, b, c, etc. may be substituted for the formal parameters p.. , p„, Po» e tc. 
If no parameters are to be substituted, the column after the n are left blank. 

The formal parameters must be alphanumeric symbols. The actual parameters may 
be any expressions which legally may appear where the formal parameters occur. 

Location symbols within the range of an ECHO are assigned only in the first repetitions 
in order to prevent doubly defined symbols. 
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The IFN Instruction 



FORM: 



LOCATION 


DPERATBHMflOfOS ADDRESS FIELD 


COMMENTS 




i i 


.,„,.,„„„ „,»,.,»,„,„„.,.„„,„,„,„,.,„,.,.,.„„„ 






,,,,111 


; , 1 1 1 , 1 i , , , , 1 , I ! 1 I i , , ! I i 1 I , f 1 , 1 t i i , , I 1 



The IFN instruction is a conditional pseudo instruction that checks the value of m for 
non-zero. If the value is non-zero, the next p lines of coding will be assembled. If 
the value is zero, the next p lines of coding are skipped and are not included in the 
assembly of the subprogram. Both m and_p are evaluated as 15-bit quantities. 

If p and the preceding comma are omitted, the range of the IFN is determined by an 
ENDIF pseudo instruction. 
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The IFZ Instruction 



FORM: 



LOCATION 


OPERATIONJMOflERS ADDRESS FIELD 


COMMENTS 




M1| , , :| 


i i 


«,»,-,.,-,».■.,,«,..»,.,.,»,.,»,«,.,.«.«,«, 


„.,„,.,.„„„„ 






i t i * t i i 


I ' 1 

1 i ; i i j ; i * I i s i i ; ; ■ = i ! t i .i ; i * ■ i i i 1 i : i f i i ; • i i i i i i * i t i i ■ i \ \ i 

1 1 



The IFZ instruction is a pseudo instruction that checks for the opposite condition of 
the IFN instruction. 

For this instruction, if the value m is zero, the following p lines of coding are 
assembled. If the value is non-zero, the following p lines of coding are skipped. 
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FORM: 



The IF, s Instruction 



LOCATION 



DPEMTIOLMODflERS 



ADDRESS FIELD 



COMMENTS 






iLLftilUiilitiJliiUJ 



2EA. 



>* } <n f ,p 



^_L 



The IF, s instruction is a conditional pseudo instruction in which the operation field 
modifier s represents the condition compared. The £ modifier may be replaced by 
any of the following: 



Mnemonic 
EQ 
NE 
LT 
LE 
GT 
GE 



Meaning 
m = n 
m z£ n 
m < n 
m < n 
m > n 
m ^ n 



The next p lines of coding will be assembled if the relationship specified by the instruc- 
tion modifier s exists between m and n. The next p lines are skipped, if the speci- 
fied relationship does not exist. 
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FORM: 



The IFU Instruction 



LOCATION 



VEMTIOLMODflERS 



kST 



J.V 



ADDRESS FIELD 



COMMENTS 



r- 



^_L 



The IFU instruction is a conditional pseudo instruction that checks to see if the pre- 
ceding instruction was assembled in the lower half of the memory word. If it was, 
the next £ lines are assembled. If it wasn't the next p lines are skipped. If p is 
omitted, the range of the IFU is determined by the ENDIF pseudo instruction. 
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The IFL, Instruction 



FORM: 



LOCATION 


WERATIOKMODffERS 


ADDRESS FIELD 


COMMENTS 






i . 


i 








tf-J. !o 


i 

i_L i l_l_l_l_l_ L ._i_i_i_i_i |_L J_1_L_1__ 








( ; . .. 



The IFL instruction is a conditional pseudo instruction closely related to the IFU 
instruction except that, if the preceding instruction was an upper instruction, the 
next p lines are assembled. If the preceding instruction was not an upper instruction, 
the next p lines are skipped. 
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The IFT, s Instruction 



FORM: 



LOCATION 


0PERATION,MOOriERS ADDRESS FIELD 






COMMENTS 






i 


l 

:.».e i «Ji!.iaii. 










l,nT,s irrLjin ,,n. i ...... i 


1 

. . I ■■ ■ 








i i i . i 1 1 1 




1 

.. i ... t - J _L. i_ 
1 


„....: .._,.._i. 


-., ' _i_,-i ...l...,^.L. -.._,.._ 





The IFT instruction is a conditional pseudo instruction that compares character 
strings m_and n to determine if coding lines which follow are to be assembled or 
skipped. This instruction may be used only within the range of an ECHO or MACRO 
instruction. 

The modifier s specifies the condition compared and may be any one of the following: 



Mnemonic 



Meaning 



EQ 

NE 
GT 
GE 
LT 
LE 
IN 



m = n 

m f n 

m> n 

m— n 

m< n 

m£ n 

m included in n; the character 

string n contains the characters 

in string m in sequence, but 

not necessarily consecutively. 



The address field consists of two or three subfields. The m_and n subfields must be 
present. Any actual parameter must be enclosed with slashes. Either or both sub- 
fields may be a single formal parameter as defined on the MACRO or ECHO instruc- 
tions. Either may be a string of characters enclosed in slashes. If _p and the pre- 
ceding comma are omitted, the range of the IFT instruction is determined by the 
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ENDIF pseudo instruction. 

The m and n_ subfields may include an optional modifier of the form (i, j) to define a 
portion of the actual parameter to be used in the comparison. This modifier may not 
contain formal parameters. The (i, j) modifier may be in one of four forms, in which 
X, Y and Z represent integers and K represents any non-blank BCD character except 
slash. 

- FORM INTERPRETATION 

(X, Y) Y consecutive characters beginning with 

the xth character of the actual parameter. 

(Z = K, Y) Y consecutive characters following the 

Zth occurrence of the character K . 

(X, Z = K) Consecutive characters beginning with the 

Xth character up to, but not including, the 
Zth occurrence of the character K follow- 
ing the Xth character. 

(Z. — Kj, Zg, ■ K ) Consecutive characters following the Z,th 

occurrence of character K 1 up to, but not 
including, the Z,th occurrence of character 
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The IFF, s Instruction 



FORM: 



LOCATION 



OPERATION.MOOflERS 



ADDRESS FIELD 



COMMENTS 



.WL&- 



BVJatW- 



The IFF instruction is a conditional pseudo instruction that is the same as the IFT 
instruction except that it tests for the opposite condition. 
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FORM: 



The ENDIF Instruction 



LOCATION 


0PERATION,MODIFIERS ADDRESS FIELD 




COMMENTS 






i 


1 


„ „,„,„,„,„,„.. „ 


,,.„,„, 




g«M£ JLJJ _J^«£.. J _ 1 _^_L^ 1 ... J _L J _. ■ , l, ■_UL^ - .- ^•-■ J L. .:. .^..^ i-^-i. 


_ LJ _ i -. J . i _i-i_. 


' 1 1 

j_- , __L_ ^ i 1_L. L :.. i i. ■_ ■_, ... L ._i ...1 L -_l_l_..i_l_l_. ., ■.„ :....J_... .. .._., .L ■_!_■ _i_L !_.., .1.. ■ ■ ■ .- '.. '...J.. ^^ 

1 1 



The ENDIF instruction is a pseudo instruction which defines the limit to a conditional 
IF instruction not containing a line count. If lines are skipped because of a condition- 
al IF, the associated ENDIF causes normal processing to resume. 

The associated IF and ENDIF instructions are related by the location field symbol on 
the IF instruction and the address field symbol on the ENDIF instruction. If these 
symbols match, the IF is terminated. An ENDIF with a blank address field is asso- 
ciated with the last encountered unlabeled IF. 

If the symbols do not match, the IF is not terminated and counts as a line of coding. 
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NEW CONCEPTS OF GROUP 24 

The ECHO instruction is different from the IF instructions in that the ECHO instruc- 
tion is not a conditional pseudo. The ECHO instruction can duplicate a series of cod- 
ing with possible parameter substitution. If the programmer wishes to prestore alter- 
nating positive and negative zeros in core in order to perform some hardware test, he 
can do so simply in the assembly of the program by coding; 

ECHO 1,500 

OCT 0,-0 

The OCT instruction is assembled 500 times and each time it prestores positive and 
negative zero. The total amount of core used is 1000 locations. 

The IF instructions are used to determine which sets of coding to assemble. If some 
condition is true, then assemble the coding. If it is not true, then skip the coding. 

One example of how the IF instructions can be used is this: Assume an input /output 
program of approximately 1500 lines of coding. Assume that sometimes it is to be 
run with the drum as the primary input/ output medium and at other times magnetic 
tape as the primary input /output medium. Now we know that the drum and magnetic 
tape units are not programmed the same way. Their function codes are different and 
the data is accessed differently. For each run must we physically remove the set of 
instructions that does not apply or could we just change one instruction? 

To solve this problem we recall the EQU instruction (in group 21). With this instruc- 
tion we can equate a symbol with a constant. Suppose we could enter either of the 
following instructions at the beginning of the program: 

1. DRUMTAPE EQU 1 

2. DRUMTAPE EQU 

If DRUMTAPE = 1 means that the drum coding is to be assembled, and DRUMTAPE 
z means that the tape coding is to be assembled, by inserting IFZ and IFN instruc- 
tions at strategic points in the subprogram, only the applicable instructions and data 
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will be assembled. Note how, in the following case, the drum instructions are assem- 
bled and the tape instructions are bypassed. 



LOCATION 


QPERATKKiMOOFIERS ADDRESS FIELD COMMENTS 


i i ; i ■■ t 1 1 i» ■ 7 ■ t 


» I'll trill „!„,»;„„ tttrt , 1, ,tS,B,l, it ,«,»„,«,»,. IMI . nilll , ■«■■,-■»■» ■«(.,,«,„ ,«,..,, .,„.,. 




LnBi/T < _j_.j._J^ ,1 , , , , ■ 1 




£U77A>I , . , ; lZ^ : ! 


}&m£&pi_ 


iSQa ,,,.!, li , , , l i , ; , ; 








-j^ J_ 1 ; 1LI u , ^. j , 


^■+ L 


'■ i_l_t_L. 1_1 i j 


1 


, IeS ._■ , , , : \bfitmrAp£?is: , , : 1 




././.■diiJliffisV-C <4rwrtN Ac3d:i AiejJ 1 , 


, 




; . . . 


., ^ . . J _ j _ i ,^l,.. ,..._[.. 


;,,,,,« 


*, ! , , I 


= * = * * i s 


M, ,....,. ,. : Mu/itAR£ Jt ia. , ! 


i i i : i i i 


LliO liLOiS.iS, [a£L£*pe., CoAh&q). ., , , , , I ,,,,,,,, 








• ^ ! . . - , . I 


, 




i i i i i L i... . 




■_L_l_. * >.' . 


^ — L^.._L...J_.i._L._i-J_i — i — ^J_l...^..i_^l__l._L._i_J — L_l_ -L_L_j.. i i .1 — i — l l l i l l j ^ : ; ; i j = i i. _;_.._; : i i i i l„ 



If we change the DRUMTAPE flag to a zero, note how the tape coding would be assem- 
bled, and the drum coding would be bypassed. 

The IFU and IFL instructions can be used to remove NOP's when several conditionals 
are used. In this way the subprogram can be packed into core as tight as possible. 

The IFT and IFF conditionals are within the range of ECHO or MACRO instructions 
and can be used to discard impertinent coding for each generation of the ECHO or 
MACRO. Problem 24 illustrates this use 
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Problem 24 : 

Write a subprogram that contains a MACRO definition and a MACRO call. The MACRO 
definition makes use of IFT instructions that allows bypassing irrelevant coding for 
each individual macro call. 

This particular macro definition is one that sets the operating mode of a tape unit on 
channel #1. It has two formal parameters, PI and P2 which are defined as follows: 

Formal Parameter Meaning 

1. PI Format - the format may be BCD or 

binary. 

2. P2 Density - the density may be 200, 556 

or 800 BPI. 



The name of the macro is 0PM0DE. 



0PM0DE 


MACR0 


all 


of the macro any 


of the followi 


1. 


0PM0DE 


(BCD, 200) 


2. 


0PM0DE 


(BCD, 556) 


3. 


0PM0DE 


(BCD, 800) 


4. 


0PM0DE 


(BIN, 200) 


5. 


0PM0DE 


(BIN, 556) 


6. 


0PM0DE 


(BIN, 800) 



(PI, P2) 



For any of the six possible calls, only the applicable coding should be assembled. Use 
the IFT instruction in the macro definition, and then, as an example, call 0PM0DE 
specifying BIN format at 556 BPI. The macro should set the tape unit to this operat- 
ing mode (requires EXTF instructions). 
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Flowchart: 




Set Tape Density 
To 55 6 BPI And 
Format To BCD 




Problem 24 could be solved by coding in the following manner: 



Dis- 



location 



?^a£_ 



OPERATION.MOOfeS 



ZMkH^^Mi£, 



iMe,iLin,\',iCP,1>J>M 



I£IlJ@^j£lJJJLaJ 9 d, 



iUJ^x 



'-J&Tf 



£MFl,~ 



. Z£T f £Q^JB^ r MsalJL 



ADDRESS FIELD 



COMMENTS 



6>£rjjL£CA 



JM**- 



fxrs 



JU^ML 



. l£T,^ . , . Je^s^/^i. 



|3qq. ^X , 



ej£LEL^-.JLi2*& 



Tj3^4^j£aJ£B&UA 



Z&lE, 



mm 



>A P M 



mM..^,^h4n£, 



&£. 



.IL 



; 'tmisL^ .ZMd^&LX- 



$£?:„ 



5iliL 



J\$D£_i 



$£11£MM, 



VSkARL. 



]&?&JLPX 



„i.._X-.J~ l—L-X... 






_l...J_...L_.i_J..._L..X... 



Student Problem 24A: 

This problem is similar to problem 24 except that, when the subprogram is entered, 
the A register contains a floating point number. Write a subprogram that contains 
a macro definition named VELOC with two parameters, PI and P2 defined as such: 



Parameter 
PI 



P2 



Meaning 

Increase (A) or Decrease (A) 

INCRA or DECRA 

. 05 or . 1 



The four possibilities for the macro call would be; 
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1. 

2. 
3. 

4. 



VEL0C 
VEL0C 
VEL0C 
VEL0C 



(INCRA, .05) 
(INCRA, . 1) 
(DECRA, . 05) 
(DECRA, . 1) 



From the four choices we can increase (A) by 5 or 10% or decrease (A) by 5 or 10%. 
Set up the macro definition so that assembly of only the necessary lines will take place. 
Then decrease the velocity by 10% by calling the macro. 

Flowchart: 



Problem 24A could be solved by coding in the following manner: 



LOCATION 


VERATtORMODflERS 


ADDRESS FIELD 






COMMENTS 


I 111! .ML .>.< 


i 








..„.«,»,»... .,-,-,.„—..,.,-,...,-,.,«,» 




i 




■-I- 


j 






























s j ,,:: ; ,: j i . i t s , h ,:..■. ( 




1 i i 1 i 1 


; ,| 




, 






, , , 


- '. ■ J J-U-U.J.U J._L 













( 1 . - 












, 



















1 ' ! > ■ i 






I l~J-.i-.l-> ..1 


■ . I 


...J— j_ J — 1 — 1 i 1 i ; ; i i_.j J 1 — ; i i i i_.j L_-L.^_.J i_L._i l_J s_ 
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GROUP 25 



LIST CONTROL INSTRUCTIONS 



GROUP 25 
LIST CONTROL INSTRUCTIONS 

1. No List NOLIST 

2. List LIST 

3. Space SPACE 

4. Eject EJECT 
.§. Remark REM 

6. Title TITLE 

7. Brief BRIEF 

8. Detail DETAIL 

The instructions listed above do not affect the execution of the program. They are used 
only for the source listing. 

The first two instructions allow sections of coding to be deleted. They could be sections 
that the programmer knows contains no errors and would simply cause unnecessary time 
and waste if they were listed. 

The second two instructions make the listing easier to read. They incorporate spacings 
in the program which separate the various parts. 

The TITLE instruction puts a title at the top of each listed page. This makes it easy to 
distinguish at a glance between subprograms and between various portions of a sub- 
program. 

The last two instructions allow the deletions of repetitious and extraneous coding. 
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FORM: 



The NOLIST Instruction 



LOCATION 



WERATiaLMODfeS 



ADDRESS FIELD 



COMMENTS 



~Sll&£- 



»l.*i.3.UJ!.Jii.»U-»-J*. J 



The NOLIST instruction is a pseudo instruction that suppresses the listing of the source 
subprogram until a LIST pseudo instruction is encountered. However, lines with error 
flags will still be listed. 
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The LIST Instruction 



FORM: 



LOCATION 



JPERfflOKMODffOS ADDRESS FIELD 



COMMENTS 



*hi!.iiBi(4i-im 



LLsL. 



i i i™j — t.._i..j_. 



The LIST instruction is a pseudo instruction that resumes listing of the source sub- 
program. This instruction is meaningful only if a NOLIST instruction was encountered 
previously. 

This instruction will have no effect if the Compass control card does not have the list 
option specified. 
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FORM: 



The SPACE Instruction 



LOCATION 


DPERATION,MMHFeS 


ADDRESS FIELD 


COMMENTS 




i 


i 






%SJM ...^lb_. 


i 




_i_i_^... j_j_i_. 


f 


1 

i ...: ■ j : j ; i : ! 1 i 

l 





The SPACE instruction is a pseudo instruction that spaces the output listing the number 
of lines specified by n. If the spacing would cause an overflow at the bottom of a page, 
an eject takes place to the top of the next page. 
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The EJECT Instruction 



FORM: 



LOCATION 


DPERATI0N.M0OIFiBRS ADDRESS FIELD COMMENTS 




i i 




„mtL . ^l. ^ .^..^ . .^^. ,_i..^..,.^^ ...^.^^- , . , ^_^^_ 


i I 1 i i i 1 


f ! 

1 i i i i : i I i ! : i i i : s j i i i ! i = = i ; i I ; i < : ■ f ■> i i >■ i t . i ; ! \ >. >. \ \ i 

i I 



The EJECT instruction is a pseudo instruction that causes the printer to eject the 
source listing to the top of the next page. 
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FORM: 



The REM Instruction 



LOCATION 



MRXTIOKMOnFIERS 



ADDRESS FIELD 



COMMENTS 



S£fl- 



iSin^_ 



The REM instruction is a pseudo instruction that produces on the listing a line of 
printed remarks only. If the remarks exceed one line, they can be continued on the 
next line if a column 10 REM is repeated. 
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The TITLE Instruction 



FORM: 



LOCATION 




DPERATION.MODflERS ADDRESS FIELD 




COMMENTS 






, 


i 


1 










TlJ{-£ , , , , ia, n ,a , , , , , ii M , , ,,i 


i i i i. i i i 




1 1 i i i i ! 1 i 1 1 : I ! ! i ! i 1 i 1 ! I ; 1 i 1 i i i 1 t i ' ■■ 1 ! 1 1 j 1 1 i 1 ; i 1 i 1 t 1 1 1 1 1 1 1 ; > i 1 1 



The TITLE instruction is a pseudo instruction which may appear anywhere in a sub- 
program after macro definitions and before the END instruction. The first TITLE 
instruction, no matter where it appears, will have columns 16-72 printed on the top 
of the first page of the subprogram listing and at the top of all subsequent pages until 
another TITLE instruction is encountered. Second and subsequent TITLE instructions 
will cause a page eject. 

If TITLE is not used in a subprogram, the contents of the IDENT address field will 
be printed as the title. 
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The BRIEF Instruction 



FORM: 



LOCATION 



DPERATON.MOOfflERS ADDRESS FIELD 



COMMENTS 



S&IftF- 



The BRIEF instruction is a pseudo instruction that deletes the listing of the following: 

1. the area set aside for literals. 

2. all but the first full word generated by OCT, DEC, and DECD 
instructions. 

3. the second half word and all subsequent words generated by TYPE, 
BCD, and VFD instructions. 

4. location digits of second and subsequent array names of a COMMON 
pseudo instruction. 

BRIEF may occur at any point in a program after macro definitions. It remains in 
effect until a DETAIL pseudo instruction is encountered. 
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FORM: 



The DETAIL Instruction 



LOCATION 


OPERATKW.MODffeS ADDRESS FIELD COMMENTS 




, .„„ „.„.„„ „ |, „ „,„»»„ | 




MlAlA. L J _ J _L^_ L _ L .L. , 1 : , , 


t : j. i i l i 





The DETAIL instruction is a pseudo instruction that causes a return to the normal 
listing mode that was suppressed by the BRIEF pseudo instruction. 
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NEW CONCEPTS OF GROUP 25 

It is important to note that the instructions in this group affect only the source listing. 
They do not control the output generated during the execution of the program. 

We might say that these instructions add a helpful aid to anyone analyzing a large 
program. If spacings are allowed to separate important areas, if remarks are includ- 
ed at the beginning of each area, and if areas are entitled at the top, it makes it much 
easier to read and understand. 

In order to show how these instructions affect the listing, problem 25 is a little differ- 
ent than the problems previously presented. 
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Problem 25 : 

Write a subprogram that will illustrate the use of the SPACE, REM, TITLE, NOLIST, 
and LIST pseudo instructions. 



Problem 25 could be solved by coding in the following manner: 



LOCATION 



0PERATION,MODIFIERS 



l.oeiJT 



£Pf&± _ ... : _ .jr/. ^w : s_r_ 



te3L. 



ADDRESS FIELD 



COMMENTS 



Hf.JrMS: X.: 



\Tfus.. J.% A M tJ£ZAjM(r 



ttm frfi-.fe&m f=4JL JUj*zrRAi\[fol4dL±. 



5.PA.U?. 



(t£h 



xu,n%t t 



£j&£L 



THe 






<.LT 



smcjL 



SPAce 



R em 



RMti: 



M£ HAj/£ 3m srs Paced A LX.UtS 
. JM&m^PAc£^MM ifJ. ,.:,,., 

_ _Q ^:_L^..t_ i _ 1 ,_ 

-L_,..jV,/fa SMULO Se e Mu TCgiA^i x .^ ^ 



J&-Z//AMR.., 



IBM, 



8ss 



M&LMferMH.., , 



/, 



LM 



F/?£> 



JS^t/J 



_Jg£a&_, 



UM&SjL l 



.?jfitt_ 



£i& 



j^Qdl i ElV5,^s^£jMAL£, 



Gfi£Lu_ 



.fc&£.£3ayaA^£^s^yi^S{ 



MJ$1^,_ 



\&uT j U fr H &ILT Mjhi - 



Qfi£_ 



J$li_ 



.&fcX__ 



itlSZL^ 



kli^ 



e-gAL 



£§»._ 



jrJ£j^m&r^zsjg£^ 



g&L 



&&JUAJJ^Uk^£^SLMi 



fea 



*>. Asse M fiL j. £M jUL 



A PPBAdS, , 



■PAcjL. 



_£_ 



&§&. 



Ml 



tnM^A rs ,/?< &? Jinejs&.,£»/ ± 



jtebMMjtig-ZAix 






i...-i.....L_.LJ...._L... 
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Problem 2 5 A: 

Write a subprogram that will illustrate the use of the EJECT, BRIEF, and DETAIL 
pseudo instructions. 



Problem 25A could be solved by coding in the following manner: 

COMMENTS 



LOCATION 



OPERATWUMOtMFIERS ADDRESS FIELD 



_L.J-.i_ 
I 

-j JL.._ 



__..i_-_l 



I 

_._. ; . __ ______ 

I 



._..__ 



I L_i 






__t_l. _L 
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CONTROL DATA 
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